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PREFACE. 


Til 12 vcluiiie of iny Sdcntific Lectures which contains a 
chapter on l^bn’crs being now almost out of print, Mcssi's. 
Macmillan have pro]>csc (2 to mo that I should reprint 
that cliaptcr, together with two subsequent Lectures, one 
on Frjits and Seeds, the ether on Lcavus, as an additional 
vcluine in tlielr Nature Scries, under the ritlc of “Flowers, 
Fruits, and Leaves.” To this I have gladly assented, and 
have taken the opiiortuniiy to make several corrections 
and additions^ as vrell os to insert several new illustrations. 

For iwrmi^oo to use Figs. So, 33*87, SS'^o, and 95, 
I am indebted to the courtesy of Messrs. Lovell lU-eve 
and Co. Some of the other illustrations are from drawings 
by Lady Lubbock and my dau^ter, Mrs* S. C. Buxton. 


' IJlCIl CkKS, DO%VM, KSHT. 
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FLOWERS. 

CHAPTER L 

The flower of the common White Dead nettle 
(LatniKiH albrnn, Fig, i) con«sts of a narrow tube, 
somewhat expanded at the upper end (Fig. 2)1 where 
the lower lobe of the corolla forms a platform^ on each 
side of which is a small projecting lobe (Fig. 3. w). 
The upper portion of the corolla is an arched hood 
(Fig. 3 «), under which He four anthers in pairs, 
while between them, and projecting somewhat down¬ 
wards, is the pointed pistil At the lower part, 
the tube contains honey, and above the honey is a 
row of hairs almost closing the tube. 

Now, why has the flower tliis peculiar form ? 

* 6 
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THE DEADNETTLB. 


[CHAP. 


What regulates the length of the tube? What is 
the use of this arch ? What lessons do these Jobes 
teach us? Wliat advantage is the honey to the 
flower? Of what use is the fringe of hairs? Why 
docs the stigma project beyond the anthers? and 
why is the corolla white, while the rest of tlie plant 
is green ? 



rie. s.^SImb of HAW*. 



Similar questions may of course be asked with 
reference to other flowers. Let us now see whether 
we can throw any light upon them. 

At the close of the last century, Conrad Sprcngcl 
published a valuable book on flowers, in which he 
pointed out that the forms and colours, the scent. 
h^ey,aod general structure of flowers, have reference 
to tlic visits of insects, which arc of importance in 
transferring the pollen from the stamens to the pistil. 
This admirable work, however, did not attract the 
attention it deserved, and remained almost unknown 
until Mr. Darwin devoted himself to the subject. Our 
illustrious countryman was the first clearly to perceive 
that the essential service which insects perform to 
flowers consists not only in transferring the pollen 




CfiOSS‘FS/inZ/SA TION. 
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from the stamens to the pistil, but in transferring it 
from the stamens of one flower to the pistil of another. 
Sprengel had indeed observed in mote than one in* 
stance that this was the case, but he did not altc^cther 
appreciate Uie importance of the fact. 

Mr Danvin, however, has not only made it clear 
from theoretical considerations, but has also proved it, 
in a variety of cases, by actual experiment. More 
recently Fritz Muller has even shown that in some 
cases pollen, if placed on the stigma of the same 
flower, has no more effect than so much inorganic 
dust; while, and this is perhaps even more extra* 
ordinary, in others, the pollen placed on the stigma of 
the same flower acted on it like a poison. This he 
observed in several species; the flowers faded and fell 
ofl*, the pollen masses themselves, and the stigma in 
contact with them, shrivelled upj turned brown, and 
decayed; while flowers on the same bunch, which were 
left unfertUised, retained their freshness. 

Tlie importance of this "cross-fertilisation,'' as it 
may bo called, in contradistinction to "self-fertilisa¬ 
tion," was first conclusively proved by Mr. Darwin in 
his remarkable memoir on Primula {Linnean JourueU, 
(Sd2), and he has since illustrated the same rule by 
researclics on Orchids, Linum, Lythrum, and a variety 
of other plants. The new impulse thus given to the 
study of flowers has been followed up in this country 
by Hooker, C^le, Bennett, and other naturalists, and 
on the Continent by Axell, Delpino, Hildebrand, 
Kcrner, F. Muller, and especially by Dr. H. Muller, 
who has brought together the observations of others, 
and added to them an immense number of his own. 


B 2 



4 KELA TION OF PLANTS ANJ> INSECTS. TcflAP. 


In by far the majority of cases, tljc relation between 
iioxvcrs and insects is one of mutual advantage. In 
some plants, liowever, as for instance in our common 
i)roscra, wc find a very different state of things, and 
the plant catches and devours the insects.' The first 
observation on in.scct*eating flowers was made about 
the year 176S, by our countryman Ellis. lie observed 
that in DioncUa, a North American plant, the leaves 





have a joint in the middle, and thus close over, kill, 
and actually digest any insect which may alight on 
them. 

In our common Sundew {Drosera roUtndifolia, 
Fig. 4) the rounded leaves are covered with glutinous 
glandular hairs or tentacles—on an average about 200 
on a full-stscd leaf The glands are each surrounded 
‘ Sm Dwio's Imiethor^ut PUf>i$. 


r j rA'!^jscr/yojfous p/^nts- 5 

by a drop of an exceedingly viscid solution, wliich, 
glittering in the sun, has given rise to tlic name of the 
plant. If any object be placed on the leaf, these 
glandular hairs slowly fold over it, thougliif it be inor¬ 
ganic they soon unfold again- On the other hand, if 
sny small insect alights on the leaf it becomes en¬ 
tangled in the glutinous secretion, the glands close 
over it, their secretion is Increased, and they literally 
digest their prey. Mr. Frank Darwin has recently 
shown that plants supplied with insects grow more 
vigorously than those not so fed. It is very curious 
that while the glands are so sen^tive that even an 
object weighing only of a grain placed on them 
is sufllcicnt to cause motion, yet they are "insensible 
to the weight and repeated blows of drops '* of even 
heavy rain. 

Drosera, however, is not our only English insect¬ 
ivorous plant, In ilie genus Pinguicula, which fre¬ 
quents moist places, the leaves are concave with 
incurved margins, and the upper surfaces are covered 
with two sets of glandular hairs. In this case the 
naturally incurved edges curve over still more if a 
fly or other insect be placed on the leaf 

Another case is that of Utricularia, an aquatic 
species, which bears a number of utricles or sacs, 
which have been supposed to act as Hoats. Branches, 
however, which bear no bladder Aoatjust as well as 
the others, and there seems no doubt that tbeir real 
use is to capture small aquatic animals, ^vhicb they do 
in considerable numbers. The bladders in fact act on 
the principle of an eel-trap, having an orihee closed 
with a flap which permits an easy entrance, but 
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effcctuany prevents the unfortunate victim from 
getting out again, 

I will only allude to one foreign ease, that of the 
Sarraccnia.^ In this genus some of the leaves are in 
the form of a pitcher. They secrete a fluid, and are 
lined iotcrfially with haii-s pointing downwards. Up the 
outside of the pitcher there is a line of honey glands 
which lure the inscets to their destruetton, Fites 
and other Insects which fall into this pitdicr cannot 
get out again, and are actually digested by the plant, 
liccs, however, are said to be scarcely ever caught. 

Every one knows how Important flowere arc to 
Insects ; every one knows th.at bees, butterflies, etc., 
derive the main part of their nourishment from the 
lioney or pollen of flowers, but comparatively few arc 
aware, on the other hand, how much the flowers them¬ 
selves fire dependent on insects. Yet it has, I think, 
been clearly shown that if insects have been in some 
respects modified And adapted with a view to the 
acquirement of honey and pollen, flowers, on tlic other 
hand, owe their scent and honey, their form and 
colour, to tlic agency of Insects, Thus the lines and 
bands by which so many flowers are ornamented have 
reference to the position of the honey ; and it may be 
observed that these honey-guides are absent in night 
flowers, where they of course would not show, and 
would therefore be useless, as for instance in Lychnis 
vcsptrihia or SiUne imtans. Night flowcr.«, moreover, 
are generally palo ; for instance, Lychnis vespertina is 
white, while Lychnis dinr/ia, which flowers by day, 
is red. 

See Hooker, £riittA 
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Indeed, it may be laid down as a general rule tha( 
those flowers which are not fertilised by insects as for 
instance those of the Beech and most other forest 
trees, are small in siae, and do not possess eitlier 
colour, seent, or honey. 

Before proceeding further let me briefly mention 
the terms used in describing (be different parts of a 
flower, 

If we examine a common flower, such for instance 
as a Geranium, we shall find Clxat it coi^sists, flrstiy, 
of an outer envelope or calyx, sometimes tubular, 
sometimes consisting of separate leaves called sepals ; 
secondly, an inner envelope or corolla, which is gener- 
ally more or less coloured, and which, like the calyx, 
is sometimes tubular, sometimes composed of separate 
leaves called petals; thirdly, of one or more stmntTxs. 
consisting of a stalk or jilainent, and a head or anther, 
in which the pollen Is produced; and fourthly, a pistil, 
which is situated in the centre*of the flower, and 
consists generally of three principal parts; one or 
more compartments at the base, each containing one 
or more seeds; the stalk or style; and the stig^na, 
which in many familiar Instances forms a small head 
at the top of the style or ovary, and to which the 
pollen must And its way In order to fertilise the 
flower. 

But though the pistil Is thus surrounded by one 
or more rows of stamens, there are comparatively few 
cases in which the pollen of tlie latter falls directly 
on the former. On the contrary this transference is 
in most cases effected in other ways^^enerally by 
means of the wind, of insects, or, In some cases, of 
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WAST/Z OF POIJ.F.N. 


[CTTAP. 


In the former case, Iiowever, by far the 
greater part of the pollen is wasted ; and much more 
must therefore be produced than in those cases where 
the transference is effected by insects. 

One advantage, of course, U the great economy of 
pollen. We have not much information on the sub¬ 
ject, but It would seem, from the few observations 
that have been made, tliat half n dozen pollen grains 
are sufficient to fertilise a seed. But in plants in 



which the pollen is carried by the wind, tUc chances 
against any given grain reaching the pistil of another 
flower ate immcn.se. Consequently by far the greater 
oart of the pollen is lost. Every one. for instance, 
must have observed the clouds of poUen produced by 
the Scotch fir. In such flowers as the Picony the 
pollen is carried by insects, and far Ic.'^s therefore U 
required ; yet even here the quantity produced is still 
large; it has been estimated that cacli flower produces 
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between 3,000,000 and 4 »ooo,ooo grains of pollen. 
The Dandelion is more spedallsed in this respect, 
and produces far less pollen; according to Mr. 
Hassail about 240,occ grains to each flower; while 
in Gam urbaiinm. according to G*rtncr, only ten 
times more pollen Is produced than is actually used 
in fertilisation. 

It might, however, be at first supposed that where 
stamens and pistil ce*exlst in the same flower, the 
pollen from the one could easily fall on and fertilise 
the other. And in fact in some species this does 
occur; but as wc have seen, it is a great advantage to 
a species that the flower should be fertilised by pollen 
from a different stock. How then is self-feitilisation 
prevented ? 

There are three principal modes. 

Firstly, In many species the stamens and pistil are 
in separate flowers, sometimes situated on different 
plants. 

Secondly, even when the stamens and pistil are In 
the same flower, they are in many species not mature 
at the same time; this was first observed by Sprengel 
In Epilobum as long ago as 1790; in 

some cases the stigma has matured before the anthers 
arc rpe, while in other and more numerous cases the 
anthers have ripened and shed all their pollen before 
tlie stigma has come to maturity. 

Thirdly, there are many species in which, though 
the antlicrs and stigma are contained in the same 
flower and are mature at the same time, they are so 
situated that the pollen can hardly reach the stigma 
of the same flower. 
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COLOUR. CCENTy AND HONEY. [ chap . 


The transference of the pollen from one flower to 
another is, as already mentioned, effected principally 
either by the wind or by insects, though in some cases 
it is effected by other agicncies, as for Instance, by 
birds, or by water- For instance, in the curious FoA 
lisnetia spiraiu (Fig. the female flowers are 
situated on long stalks which arc spirally twisted, 
and grow very rapidly, so tJiat even if the level of 
the water alters, provided this be within certain 
limits, the flowers float on the surface. The male 
flowers on t)ic contrary arc minute and sessile, but 
when mature they detach tlicmselves from the plant, 
rise to the surface, and float about freely like little 
boats among the female flowers. 

VVind'fcrtiliscd flowers as a rule have no colour, 
emit no scent, produce no honey, and are symmetric 
cal in form. Colour, scent, and honey arc the three 
characteristics by which insects are attracted to 
flowers. 

As already observed, wind-fertilised flowers gene¬ 
rally produce much more pollen than those which 
are fertilised by insects. This is necessary, because 
it is obvious that the chances against any given pollen 
grain reaching the stigma arc much greater in tlic one 
case than in the other. 

Again, It is an advantage to wind-fertilised plants 
to flower early in the spring before the leaves ore out, 
because the latter would catch much of the pollen 
and thus interfere with its access to the stigma. 
In those plants the pollen is less adherent, so that 
ie can easily be blown away by the wind, which 
would be a disadvantage in most plants which are 
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fertilised by insects, Such flowers generally have the 
stigma more or less branched or hairy, which evidently 
must tend to increase their chances of catching the 
pollen. 

Moreover, as Mr. Darwin has observed, there does 
not appear to be a single instance of an Irregular 
flower which Is not fertilised by insects or birds. 

The evidence derivable from the relations of bees 
to flowers is probably sufficient to satisfy most 
minds that bees are capable of distinguishing colours, 
but the fact had not been proved. I therefore tried 
to test them by experiment. First however I must 
explain that If you bring a bee to some honi^, she 
feeds quietly, goes back to the hive, stores away licr 
honey, and returns with or without companions for 
another supply. Each visit occupies about six 
minutes, so that there are about ten in an hour, 
and about a hundred In a day. In this respect the 
habits of wasps are very similar, and that they 
appear to be quite as industrious as bees. 

I once tested this by training a bee and a wasp to 
come to some honey, and then timing them through 
a whole day. Knowing they would be early I went 
into my study a few minutes aflerfourin the morning, 
but the wasp was already at work, and continued 
without a momcnt*s intermission until y.4(5 in the 
evening, working without a moment's rest for ncnrly 
sixteen hours and making no less than iid visits to 
the Imncy. The bee b<^n at 5,45 A.M., or somewhat 
later than the wasp, and left eff also rather earlier. 
Perhaps I may give tlie record of the morning’s work 
of this wasp. 


12 


OF THE WASP- 


[CHAP 


At each visit she sucked up as much honey as she 
could carry off to the nest and returned at once. 
She came, u already mentioned, for the first time, 
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The visits were continued till dusk, 

This, however, was in autumn; in summer they make 
more overtime, and work on even late in the evening. 
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In fine weather bees visit often more than twenty 
flowers in a minute, and so carefully do they economise 
the sunny hours, that in flowers with several nectaries 
if they find one dry, they do not waste time by ex¬ 
amining the others on the same plant. Mr. Darwin 
watched carefully certain flowei's, and satisfied him¬ 
self that each one was visited by bees at least thirty 
times in a day. TTie result Is, that even where flowers 
are very numcrous—as, for instance, on heathy plains 
and clover fields—overy one is visited during the day. 
Mr, Darwin has carefully examined a la^e number of 
flowers in such cases, and found that every single one 
had been visited by bees. 

In order to test the power of bees to appreciate 
colour, I placed some honey on a slip of glass, and 
put the glass on coloured paper. For instance, I put 
some honey in this manner 00 a piece of blue paper, 
and when a bee had made several journeys, and tlius 
become accustomed to the blue colour, I placed some 
more honey in the same manner on orange paper 
about a foot away. Then during one of the absences 
of the bee 1 transposed the two colours, leaving the 
honey itself in the same place as before. The bee 
returned as usual to the place where she had been 
accustomed to find the honey; but though It was 
still there, she did not alight, but paused for a 
moment, and then dashed straight away to the blue 
paper. No one who saw my bee at that moment 
could luve had the slightest doubt of her power of 
distinguishing blue from orange. 

Again, having accustomed a bee to come to honey 
on blue paper, I ranged in a row other supplies of 
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honey on glass slips placed over paper of oilier colours, 
yellow, orange, red, green, black, and white. Then I 
continually transposed the coloured paper, leaving 
the honey on the same spots; but the bee always 
flew to the blue paper, wherever it might be. Bees 
appear fortunately to prefer the same colours as we 
do. On the contrary, flowcis of n livid yellow, or 
fleshy colour arc most altractive to flics ; and more* 
over while bees arc attracted by odours which arc 
also agreeable to us, flics, as might naturally be 
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expected from the habits of their larval, prefer some 
which to us seem anything but pleasant. 

Among other obvious evidences that the beauty 
of flowers is useful in consequence of its attracting 
Insects, we may adduce those eases in which the 
transference of the pollen is effected in different man¬ 
ners in nearly allied plants, sometimes even in the 
same genus. 

Thus, as Dr, H. Muller bas pointed out, Mfiiva 
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sylvcsiris (Fig. 7) and Malva rotimdi/olia (Fig. $) 
which grow in the same localities, and therefore must 
eoixie into competition, are nevertheless nearly' equally 
common. 

In Mftlva iylvcstris, however (Fig, 9), where the 
branches of the stigma ace so arranged that the plant 
cannot fertilise itself, the petals are la^ and conspi¬ 
cuous, so that the plant Is vj.^ited by numerous insects; 
while in Maivfi rotundi/tdia, the Bowere of which are 
comparatively small and rarely visited by insects, the 



branches of the stigma are elongated, and twine them¬ 
selves (Fig. 10) among tlie stamens, so that the Bower 
readily fertilises itself. 

Another interesting case is afforded by the genus 
Epilobium. Epil&biHm angtistifolium has large pur¬ 
plish flowers in conspicuous heads (Fig. ii), and is 
much frequented by insects; while B. parvifionuu 
(Fig. Id) has small solitary Bowers and is seldom 
visited by insects. Kow in the former species their 
visits are necessary, because the stamens ripen and 
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shfid their pollen before the pistil, so that the fiower 
is consequently incapable of fertilising itself. In E. 
parvijiorwn, on the contrary, the stamens and pistil 
come to maturity at the same time- 
Let us take another casc—that of certain Geratuums. 
In G. pmtense (Figs. 5 and 6, p. 8) all tlie stamens 
open, shed their polkn, and witlier away before the 
pistil comes to maturity. The flower cannot therefore 
feidilisc itself, acid depends entirely on the visits of 



insects for the transference of the pollen- In G. 
pyrmaidtm, where the flower is not quite so la^c, 
all the stamens ripen before the stigma, but tlie in¬ 
terval is shorter, and the stigma is mature before 
all the anthers have shed their pollen. It is there¬ 
fore not absolutely dependent on insects. In C. 
molU, which has a still smaller flower, five of the 
stamens come to maturity before the stigma, but the 
last five ripen simultaneously with it. Lastly, in G~ 
pusiiluiK, which is least of all, the stigma ripens even 
before tbe stamens. Thus, then, we have a series more 
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or J«ss dependent on insects, from G.pratensc to which 
they are necessary, to G. pnsilhm, which is quite 
independent of them ; while the size of tlie corolla 
increases with the dependence on insects. 

In those species in whlcli seir'fertllisition is pre* 
vented by the circumstance that the stamens and 
pistil do not come to maturity at the same time, the 
stamens generally ripen first. 

The advantage of this is probably connected with 
tlic visits of bees. In those dowers which grow in 
bunches the ic\ver ones naturally open first. Con* 
scquently in any given spike the fiowers arc at first all 
male; subsequently the lower ones, being the older, 
have arrived at tite female stage, while the upper ones 
are still male. Now it is the habit of bees to begin 
with the lower dowers of a spike and work upwards. 
A bee, therefore, which has already dusted herself with 
pollen from another dower, first comes in contact with 
the female dowers, and dusts them with pollen, after 
which she receives a fresh supply from the upper male 
flowers, with which she files to another plant. 

There arc, however, some few species in which the 
pistil ripens before the stamens. One Is our common 
Setvpkulaiia nofiesa. Now why is this ? Mr. Wilson 
has given us the answer. SI nodoset is one of our few 
dowers specially visited by wasps ; the honey being 
not pleasing to bees. Wasps, however, unlike bees, 
generally begin with the upper flowers and pass down¬ 
wards, and consequently in wasp dowers It is an ad¬ 
vantage that the pistil should ripen before the stamens. 
But though the stamens generally ripen before the 
pistil, the reverse sometimes occurs. Of this a very 
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interesting case is that of the genus Arlitolocliia. The 
(lower is a long tube, with a narrow opening closed by 
stiff hairs which point backwards, so that it much re¬ 
sembles an ordinary eel-trap. Small flies enter the 
tube in search of honey, but from the direction of the 
hairs it Is impossible for them to return. Thus they 
are imprisoned in the flower, until the stamens have 
ripened and shed their pollen, by which the flies get 
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thoroughly dusted. Then the hairs of the tube shrivel 
up, thus releasing the prisoners, which carry the pollen 
to another flower, 

Again, in our common Arums—the Lords and 
Ladles of village children—the well-known green leaf 
incloses a central pillar, near the base of which are 
arranged a number of stigmas (st, Fig. 13), and above 
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them several rows of anthers (a). It might be sup¬ 
posed therefore that the pollen from the anthers 
would fall on and fertilise the stigmas, llxis, how¬ 
ever, U not what occurs. In fact the stigmas come 
to maturity first, and have lost the possibility of fer¬ 
tilisation before the pollen is ripe. TJie pollen must 
therefore be brought by insects, and this is effected by 
small flics, which enter the leaf, either for the sake of 
honey or of shelter, and which, moreover, when they 
have once entered the tube, arc imprisoned by the 
fringe of hairs (A). When the anthers ripen, the pol¬ 
len falls on to the files, which in their eflbrts to escape 
get thoroughly dusted with it Then the fringe of 
hairs withers, and the flies, thus set free, soon come 
out, and ere long carry the pollen to another plant. 

Now let us return to our White Dcadnettle and see 
how far we can answer the questions which 1 began 
by asking. 

In the first place, the honey attracts insects. If 
there were no honey, they would have no object in 
visiting tlje flower, The bright colour is useful in 
rendering the flower conspicuous. The platform serves 
as an alighting st^ for bees.. The length of the tube 
has reference to that of their proboscis, and prevents 
the smaller spedes from obtaining access to the honey 
which would be iojurlous to the flower, as it would 
remove the source of attraction for the bees, without 
effecting the object in view. The upper arch of the 
flower protects the stamoDS and pistil, and also presses 
them firmly against tlie back of the bee; so that, 
when the bee alights on the stage and pushes its pro¬ 
boscis down to the honey, its back comes into contact 
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with them. Tiic row of small Iwii's at the bottom of 
Ihc tube prevents .small insects from ci-ccping down 
the tube and stcalinjy llic honey. Lastly, the .small 
)>rocc.sscs on each side of the lower lip are the rudi¬ 
mentary rcprescntativc.s of parts, formerly more largely 
developed, but which, having become useless, have 
almost disappeared. 

In the Dead nettle, It would appear that the pistil 
matures as early as the stamens, and that cro.ss-fcrtili- 
satinn Is attained by the relative position of the stigma, 
whicli, as will be seen in the figure, hang.e do'vu below 
the stamens ; so that a bee, bearing pollen on its back 
from a previous visit to another flower, would tcmch 
the pistil and tran.sfcr to It some of tlie pollen, licfore 
coming in contact with the stamens. In other species 
belonging to the same great group (r.Abiataj) as La- 
mium, the same object is secured by the fact that the 
stamens come to maturity before the pistil; tlicyshcd 
their pollen, and shrivel up before the stigma is mature. 

Fig. 14 represents a young flower of Sfih'iao^cinalh 
in which the stamens (a a) are mature, but not the 
pistil (/), which, moreover, from Its position, is un¬ 
touched by bees visiting the flower; as shown in 
Fig. 15. The anthers, as they shed their pollen, 
gradually shrivel up ; while, on tlic other hand, the 
pi.stll increases in length and curves downwards, until 
it assumes the position shown in Fig. 16, st, where, as 
is csddent, it must come in contact with any bee 
visiting the flower, and would touch just that part of 
the back on which pollen would be deposited by a 
younger flou'cr. In this manner cross-fertilisation is 
effectually secured. 
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There arc, however, several other curious in 

wliicli 5 . officinaiis differs greatly from the species last 
described. 
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Vk. tc^DittOi older flower. 


The general form of the flower, indeed, is very simi* 
tar. We Hnd again tliat, as generally in the Labiates, 
the corolla has the lower lip adapted as an alighting 
board for insects, while the arched upper lip covers 
and protects the stamens and pistils. 
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Ttc arrangement and structure of the stamens is, 
however, very peculiar and interesting. As in Lamium, 
they are four in number, but one pair is quite rudi- 
mcntaiy (Fig, 14). In the other {<i a) the two anthers, 
instead of being attached close tc^ethcr at the sum¬ 
mit of the filament, are separated by a long movable 
rod, or connective (Figs. ty. so 

play freely on the stalk of the stamen. In a natural 
position, this connective is upright, so that tlte one 



anther is situated (Fig. 14) in the neck of the tube, 
the ether under the arched hood. The lower antlicr, 
moreover, is more or less rudimentary. Now when a 
bee comes to suck the honey, it pushes tlie lower 
anther out of the way with its head; the result of 
which is tlxat the connective swings round, and the 
upper fertile anther comes down on to the back of the 
bee (Figa 15 and 18), and dus« it with pollen, )ust at 
the place where, in an older flower (Fig. 16) it would 
be touched by the stigma, st. 
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CHAPTER n. 

At first sight, it may seem an objection to the 
view su^estcil in the preceding chapter, that some 
flowers—as, for insUnce, those of the common Antir¬ 
rhinum (Snapdr^n)—which, according to the above- 
given tests, ought to be fertilised by insects, arc entirely 
closed. A little consideration, however, will suggest 
the reply- The Antinhmum is especially adapted for 
fertilisation by humble bees. The stamens and pistil 
arc so arranged that smaller species \vouid not cflcct the 
object. It is therefore an advantage that they should 
be cscludctl, and in fact they are not strong enough to 
move the spring. The Antirrhinum is, so to say, a 
closed box, of which the humble bees alone possess 
the key. 

The common Heath {Erica Uiralix)oitcri us a very 
ingenious arrangement. The flower is in the form ol 
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an inverted bell. The pistil represents the clapper, 
and projects a Jittle beyond the mouth of the bell. 
The stamens are eight in number, and form a drcle 
round it, the anthers being united by their sides into 
a continuous ring. Each anther Uss a lateral hole, 
but as long as they touch one another, the pollen 
cannot drop out. Each also sends out a long process, 
so that the ring of anthers is surrounded by a row of 
spokes. Now when a bee comes to suck the honey, 
it first touches the end of the pistil, on which it could 
hardly fail to deposit some pollen had it previously 
visited another plant. It then presses its proboscis 
up the bell, in doing which it would pass between 
two of the spokes, and pre«sing them apart, would 
dislocate the ring of anthers: a shower of pollen 
would thus fall from the open cells on to the head of 
the bee. 

In many cases the effect of the colouring and scent 
is greatly enhanced by the association of several 
flowers in one bunch, or raceme; as for instance in 
the wild hyacinth, the lilac, and other familiar species. 
In the great family of Umbelliferse, this arrangement 
is still further taken advantage of, as in the common 
Wild Chervil {Ch^rophyllufu sylvestre, Fig. 19). 

In this group the honey is not, as in Uie flowers 
just described, situated at the bottom of a tube, but 
lies exposed, and is therefore accessible to a great 
variety of small insects. The union of the florets 
into a head, moreover, not only renders them more 
conspicuous, but also enables the insects to visit a 
greater nurober of flowers in a given time, 
it might at first be supposed that in such smalj 
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flowers as these self-fertilisation would be almost un* 
avoidable. In most cases, however, this is impossible, 
because tlw stamens ripen before the stigmas. 

The position of the honey on the surface of a mor« 
or less flat disc renders it much more accessible than 
in those cases in which it is situated at the end of a 
more or less long tube. That of the Dead nettle, for 
instance, is only accessible to certain humble-bees; 
while H. Muller has recorded no less than seventy- 
three species of insects as visiting the common 
Chervil, and some plants are frequented by even a 
larger number. 

In the Composites, to which the common Daisy 
and the Dandelion belong, the association of flowers 
is carried so far, that a whole group of florets Is ordi- 
narQy spoken of as one flower. Let us take, for 
Instance, the common Feverfew, or large white Daisy 
{Chrysfuxtluimm pfirt/ienium, Figs. 20— 2 Z). Each 
head consists of an outer row of female florets, in 
which the tubular corolla terminates on its outer side 
in a white leaf-ovary, which serves to make the flower 
more conspicuous, and thus to attract insects. The 
central florets are tubular, and make up the central 
yellow part of the flowor-head. Each of these florets 
contains a circle of stamens, the upper portions of 
which are united at their edges and at the top 
(Fig. 20), so as to form a tube, within whidi is the 
pistil. The anthers open i^^vards, so as to shed the 
pollen into this box, the lower part of which is formed 
by the stigma, or upper part of the pistil. As the 
latter elongates, it presses the pollen against the upper 
part of the box, which at length U forced open, and 
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the poJlen is pushed out (Fig. 3I). Any insect then 
alighting on the flower would carry off some of the 
pollen adhering to its under side. The upper part of 
the pistil terminates in two branches (Fig. 22, ff), 
each of whldi bears a litlic brush of hairs, TJiese 
hairs serve to brush the pollen out of the tube; while 
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in the tube the two branches are pressed close to* ^ 

gether, but at a later stage tJicy separate, and thus 1 

expose the atigmatic surfaces (Fig. 22,rr\oh wliicli an « 
insect, coming from a younger flower, could hardly < 
fail to deposit some pollen, The two sligmas in the 
ray florets of Parthenium have no brush of hairs > , 
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and they would be of no use, as these Hewers have no 
stamens. 

The Leguenmos®, or Pea*trlbe, present a number 
of beautiful contrivances. Let us take a comcnoi^ 
little Lotus corniculatus (Fig. 3$). The petals are five 
in number; the upper one stands upright, and is known 
as the standard (Fig. 24, std)\ the two lateral ones 
pioscnt a slight resemblance to wings (Figs. 34,25, w) 



while the two lower ones are united along their edges, 
so as to form a sort of boat, whence they are known 
as the ''keel” (Figs. 25, 3(5 ^ 0 * The stamens, with 
one exception, are united attlieir bases, thus forming 
A tube (Figs. 27, 38 surrounding the pistil, which 
projects beyond them into a triangular space at the 
end of the keel. Into this space the pollen is shed 
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(Fig, 28, R*}. It must also be obsei’vcd that each of 
the wings has a projection (tf) which locks into a cor¬ 
responding depression of the keel, so that if the wings 
are depressed they carry the keel with them. Now 
when an insect alights on the flower, its weight de¬ 
presses the wings, and as they again carry with them 
the keel, the latter slip? over the column of stamens 
thus forcingsome of the pollen out at the cud of the 
keel and against the breast of the insect. As soon 
as the insect leaves the flower, this resumes its natural 
position, and the pollen is again snugly protected. 
The arrangement in the S'vect Pea is very similar, 
and if the wings arc seized by the fingers, and pressed 
down, this out-pumping of tlie pollen may be easily 
effected, and the meclxaiilsm will then be more clearly 
understood. 

It will be observed (Fig. 2Sfi)that one stamen i« >ic|>a- 
ratetl from tlie rest. The advantage of this Is that it 
leaves a space through which the proboscis of the bee 
can reach the honey, which is situated inside the tube 
formed by the united stamens. In tliosc Leguminosa: 
which liavc no honey, the stamens are all united to¬ 
gether. Such flowers arc, nevertheless, in spite of the 
absence of honey, visited by Insects for the sake of the 
pollen. 

In other Lcgumlnosa:, as, for Instance, in the Furze 
(Cf/cr and the Broom scopa- 

ri'w), the flower is In a state of tension, but the diiTcr- 
cjit parts are, as it were, locked togctlicr. The action 
of tite bee, liowevcr, puts an end to this; the flower 
explodes, and thus dusts the bee witli pollen. 

Whole volumes might be filled with the various 
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interesting arrangements by which cross-fertilisation 
Is secured in this great order of plants. 

It Is Indeed impossible not to be struck by the 
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marvellous variety of contrivances found among 
flowers, and tlic light thus thrown upon tlicm, by 
the consideration of their relations to insects; but 1 
must now call attention to certain very curious eases, 
in which the same species has t\vo or more kinds of 
flowers. Probably in all plants the flowers differ 
somewhat in size, and in some species there are two 
distinct classes of flowers, one large, and much visited 
by insects, the other small, and comparatively 
looted ; while in others, as, for instance, some of the 
Violets, these d ifferenccs are carried m uch further. The 
smailcr flowers have no scent or lioney, the corolla is 
rudimentary, and, in fact, an ordinary observer would 
not recognise them as flowers at all. Such “cicisto* 
gamic” flowers, as they have been termed by Dr, 
Kuhn, are already known to exist in over fifty gen era. 
Their object probably is to secure, with as little ex¬ 
penditure as possible, the continuance of the species 
in cases when, from unfavourable weather or other 
causes, insects arc absent; and under such circum¬ 
stances, as scent, honey, and colour are of no use. It is 
an advantage to the plant to be spared from the effort 
of their production, 

As the type of another class of cases in which two 
kinds of flowers are produced by the same species 
(though not on the same stock) we may take our 
common Cowslips and Primroses. If you examine a 
number of them, you will And that they fall into two 
distinct series. In some of the flowers, the pistil is as 
long as the tube, and the button-shaped stigma (Fig. 
29, st) is situated at the mouth of the flower; the 
stamens {a o) being half-way down the tube; while 
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in the other set, on the contraiy, the anthers are at the 
mouth of the flower^ and the stigma half-way down. 
The existence of these two kinds of flowers had long 
been known, but it remained unexplained until Mr. 
Darwin devoted his attention to the subject Now 
that lie has furnished us with the clue the case is 
clear enough. 

An insect visiting a plant of the short-styled form 
would dust its proboscis at a certain distance from the 
extremity (Fig. 30, a), which, when the insect passed 



to a long-styled flower, would come just opposite to 
the pistil (Fig. zg,sf}. At the same time, the stamens 
of this second form (Fig. 29, a) would dust the pro¬ 
boscis at a point considerably nearer to the extremity, 
which in its turn would correspond to the position of 
the stigma jq the first form (Fig. 30, sf). The two 
kinds of flowers never grow together on the same stock, 
and the two kinds of plants generally grow together 
in nearly equal proportions. Owing to this arrange¬ 
ment, therefore, insects can hardly fail to fertilise each 
flower with pollen from a different stock. 
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The t^vo forms differ also in some otlicr respects. In 
the long'Stylcd form, the stigma (f^ is globular and 
rough, while that of the short-styled is smoother, and 
somewhat depressed. Tiiesc differences, however, arc 
not sufficiently conspicuous to be shown in the figure. 
Again, the pollen of the long-styled form is consider¬ 
ably smaller than the other, a difference, the import¬ 
ance of which is obvious, for each pollen grain has to 
give rise to a tube which penetrates the whole length 
of the style, from the sttgma to the base of the 
flower; and the one has therefore to pi’oduce a tube 
nearly twice as long as that of the other. The 
careful experiments made by Mr. Danvin have shown 
that, to obtain the largest quantity of 80cd,tlic flowers 
must be fertilised by pollen from tlic other form. 
hTay, in some eases, the flowers produce more seed, if 
fertilised by pollen from another species, than by 
that from the otlier form of tlxcir own. 

This curious difference in the Primrose and Cowslip, 
between flowers of the same species, which Mr. Dar¬ 
win has proposed to call Dimorphism, is found in most 
species of the genus Primula, but not in all. 

Tlic Cowslip and Primrose resemble one anotlicr in 
many respects, but the honey they secrete must be 
very different, for while tlic Cowslip is habitually visited 
during the day by humble-bees, this is not the ease 
with the Primrose, which, in Mr. Da^^tfin ’8 opinion, is 
fci tilised almost exclusively by moths. 

The genus Lythrum affords a still more complex 
case, for here we have three sets of flowers. The 
stamens are in two groups; in some plants, the pistil 
projects beyond them ; in the second form it is shorter 
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than any of the stamens, and in the third it is inter* 
mediate in length, so that the stigena lies between the 
two seta of anthers. 

The real use of honey now seems so obvious that it 
is curious to see the various theories which were once 
entertained on the subject Patrick BJair thought that 
the honey absorbed the pollen, and tlien fertilised the 
ovary. Pontedera thought it kept the ovary in a 
moist condition. Linnreus confessed his inability to 
solve the question. Other botanists considered that 
it was useless material thrown off in the process of 
growth. KrUnitz drought he observed that in meadows 
much visited by bees the plants were more healthy, 
but the inference he drew was, that the honey, unless 
removed, was very injurious, and that the bees were of 
use in carrying it off 

Kurr observed that the formation of honey in 
flowers is intimately associated with the maturity of 
the stamens and pistil. He lays it down, as a general 
rule, that it very seldom commences before the open¬ 
ing of the anthers, is generally most copious during 
their maturity, and ceases so soon as the stamens 
begin to wither and the development of the fruit com* 
mcDces. Rothe*s observations also led him to a 
similar conclusion, and yet neither of these botanists 
perceived the intimate association which exists 
between the presence of honey and the period at 
which the visits of insects are of importance to the 
plant Sprengcl svas the first to point out the real 
offlee of honey, but his views were far from meeting 
with general assent, and, even as lately as 1833, 
were altogether rejected by Kurr, who came to the 
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conclusion tliattKe secretion of honey is the result of 
devclopmeftUl ene:^, which afterwards concentrates 
itself on the ovary. 

No doubt, however, seems any longer to exist that 
SprengeVs view is right; and that the true function of 
honey is to attract insects, and thus to secure cross- 
fertilisation. Thus, most of the Rosacece arc fertilised 
by insects, and possess nectaries ; but, as Dclplno hM 
pointed out, the genus Poterium is anomophilous, or 
wind-fertilised, and possesses no honey. So also the 
Maples are almost all fertilised by insects, and produce 
honey ; but Aar n£gHHdo is ancmophilous, and honey- 
less, i^ain, among the Polygonaceae, some species are 
insect-fertilised and melliferous, while, on the other 
hand, certain genera, Rumex and Oxyria, have no 
honey, and are fertilised by the wind. At first sight 
it might appear an objection to this view, and one 
reason perhaps why the earlier botanists missed the 
true explanation, may have been the fact, that some 
plants secrete honey on other parts than the floivers. 
Belt and Delpino have, 1 think, suggested the true 
function of these extra floral nectaries.^ The former 
of these excellent observers describes a Soutli 
American species of Acacia: this tree, if unprotected, 
is apt to be stripped of the leaves by a leaf-cutting 
ant, which uses them, not directly for food, but, 
according to Mr. Belt, to grow mushrooms on. The 
Acacia, however, bears hollow thorns, while eaclx leaf. 
. let produces honey in a crater-formed gland at the 

' I, means, however, with to mggeit thelwe jet fully nnder* 
stutd the f ret* For uutmice, the sse of the nectary at the base of ibe 
leaf of the Fera U fiUl quite ooexplalaed 
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base, and a small, sweet, pear-shaped body at the tip. 
In consequence, it Is inhabited by mynads of a small 
ant, which nests in the hollow thorns, and thus finds 
meat, drink, and lodging all provided for it. Tliese 
ants are continually roaming over the plant, and con¬ 
stitute a most efficient body-guard, not only driving 
off the leaf-cutting ants, but, in Belt’s opinion, render¬ 
ing the leaves less liable to be eaten by herblvoraus 
mammalia. Dolpino mentions that on one occasion 
he was gathering a flower of C/etwiendrox /tvgroHs, 
when he was suddenly attacked by a whole army of 
small ants. 

I am not aware that any of our English plants are 
protected in this manner from browsing quadrupedsj 
but not the less do our ants perform for them a very 
similar function, by keepingdown the number of small 
insects, which would othenvise rob them of their sap 
and atrip them of their leaves. 

Forel watclied, from tliis point of view, a nest of 
FormicapraUmis. He found that tile ants brought in 
dead insects, small caterpillars, grasshoppers, ccrcopls, 
&c,, at tlie rate of about twenty-eight a minute, or 
more than one thousand six hundred In an hour, 
When it is considered tliat the ants work not only 
all day, but in warm weather often all niglit too, 
it is easy to see how important a function they fulfil 
in keeping down the number of small insects. 

Some of the most mischievous insects, indeed*- 
cerlain species, for instance, of aphis and coccus- 
have turned the tables on the plants, and converted 
ants from enemies into friends, by themselves develop¬ 
ing nectaries, and secreting honey, which the ants 

1 ; z 
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]6ve. Wc have all seen the little brown garden ant, 
for instance, assiduously running up the stems of 
plants, to milk their curious little cattle. In this 
manner, not only do the aphides and cocci secure 
immunity from the attacks of the ants, but even turn 
them from foes into friends. They are subject to the 
attacks of a species of ichneumon, which lays itseg^ 
in them, and Dclpino has seen ants watching over the 
coed with truly maternal vigilance, and driving off tire 
ichneumons whenever they attempted to approach, 
But thougli ants are in some respects very useful to 
plants, they are not wanted in the flowers. The great 
object is to secure cross-fertilisation; but for this 
purpose winged insects arc almost necessary, because 
they fly readily from one plant to another, and 
generally, as already mentioned, confine themselves 
for a certain time to the same species. Creeping 
insects, on the other liand, naturally would pass from 
each floret to the next; and, as Mr. Danvin has shown 
in his last work, it is of little use to bring pollen from 
a different flower of the same stock; it must be from 
a different plant altogether. Moreover, creeping in¬ 
sects, in quitting a plant, would generally go up another 
close by, without any regard to species. Hence, even 
to small flowers (such as many crucifcrrc, composite, 
saxifrages, &c.), which, as far as size is concerned, 
might well be fertilised by anU, the visits of flying 
insects are much more advantageous. Moreover, if 
larger flowers were visited by ants, not only would 
these deprive the flowers of their honey, without ful¬ 
filling any useful function in return, but they would 
probably prevent the really useful visits of bees. If 
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you Couch an ant with a needle or a bristle, she is 
almost sure to seise it in her jaws ; and if bees, when 
visiting any particular species, were liable to have the 
delicate tip of thoir proboscis seized on by the horny 
jaws of an ant, wc may be sure tliat sucli a plant 
would soon bo deserted. 

On the other hand, wc Vnow how fond ants arc of 
Jioney, and how zealously and unremittingly tljcy 
search for food. How i.s it, tlien, that they do not 
anticipate the bees, and secure the honey for them¬ 
selves ? Kerner has recently published a most in¬ 
teresting memoir on tliis subject, and lias pointed out 
a number of ingenious contrivances by which flowers 
protect themselves from the unwelcome visits of such 
intruders. The most frequent are the interposition of 
citevanx <U which ants cannot penetrate, glutin¬ 
ous surfaces which they cannot traverse, slippery 
slopes which they cannot climb, or barriers which 
close the way. 

Firstly, then, as regards cliewtiix de/rise. In some 
respects these are the most effectual protection, since 
they exclude not only creeping insects, but also other 
creatures, such as slugs. With this object, it will be 
observed that tbo hairs which cover the stalks of so 
many herbs usually point downwards. A good 
example of this is alTorded, for instance, by a plant, 
Knautia dipsaeifolia (Fig. 31), allied to our common 
blue scabioua Tlie heads of the common carline, 
Cariina vul^ris (Fig. 33), again, present a sort of 
thicket, which must offer an almost impenetrable 
barrier to ants. Some species of plants are quite 
smooth, excepting just below tlie flowers. The 
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common but beautiful Cornflower {Ctntaiirm cyanus) 
is quite smooth, but the involucres forming the 
flower-liead are bordered with recurved teeth. In 
tills case, neither the stem nor the leaves show a trace 
of such prickles. 

The same consideration throws light on the large 
number of plants wliich are more or Jess glutinous, a 
condition generally produced, as, for instance in the 



flowers of the Gooseberry and of Linnesa honnUs 
(Pig, 32), by the presence of glandular hairs, Kemer 
has called attention to a very interesting illustration 
afforded by Polygonum amphU/inm. In this species 
the stigma projects about one-fifth of an inch above 
the flower, so that if ants could obtain access, they 
would steal the honey without fertilising the flower; 
a flying insect, on the contrary, alighting on the 
flower, could scarcely fail to touch the stigma. 
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The beautiful rosy flowers of this spedes arc rich 
IQ nectar: the stamens arc short j the pistil, on the 
contrary, projects considerably above the corolla. 
The nectar is not protected by any special arrange¬ 
ment of the flower itself, and is accessible even to 
very small insects. The stamens ripen before the 
pistil, and any flying insect, however small, coming 
from above, would assist in cross-fertilisation. Creep¬ 
ing insects, on the contrary, which in most ewes 
would enter from below, would rob the lioney with¬ 
out benefiting the plant P. amphibhm. as its name 



denotes, grows sometimes in water, sometimes^ on 
land. So long, of course, as it grows in water, it is 
thoroughly protcoted, and tlie stem is smooth; while, 
on the other hand, those specimens whicli live on 
land throw out certain hairs which terminate in sticky 
glands, and thus prevent small insects from creeping 
up to the flowers. In this case, therefore, the plant is 
Dot sticky, except just when this condition is useful 
All these viscous plants, as far as I know, have 
upright or horizonUl flowers. 
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Co the other band, where the same object is 
effected by slippery surfaces, the flowers are often 
pendulous ; creeping creatures being thus kept out of 
them, just as the pendulous nests of the weaver-bird 
are a protection from snakes and other enemies. 
As instances of this kind, I may mention the common 
Snowdrop and the Cyclamen. 

Many flowers close their petals during rain, and this 
is obviously an advantage, since It prevents the lioney 
and pollen horn being spoilt or washed away. 1 have 
elsewhere suggested that the so-called “sleep" of 
flowers has reference to the habits of insects, on the 
ground that flowers which are fertilised by night- 
flying insects wouJd derive no advantage from being 
open in the day; while, on the otlicr hand, those 
which are fertilised by bees would gain nothing by 
being open at night. I confess that 1 suggested this 
with much diffidence, but it may now, I think, be 
regarded as well established.^ 

nuiaus (Fig. 34), the Nottingham Catch fly, is 
a very Instructive species from this point of view, and 
indeed illustrates a number of interesting points in the 
relations between plants and Insects. Its life liistory 
has recently been well described by Kcrncr. The 
upper part of the flowering stem Is viscid; from which 
it has derived Its English name, the Nottingham 
Catch fly. This prevents tlie access of ants and other 
small creeping insects. Each flower lasts three 
days, or rather three nights. The stamens are ten in 
number, arranged in two sets, the one set standing in 

^ The io<aUed sleep of Icats is & diilerent p^obleo^, u»d prohabh 
enables the pluu t» su^ort better the cold of B%hi. 
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front of the scpaU, the other in front of tUe petals. 
Like other night flowers, it is white, and opena 
towards caning, when it also becomes extremely 
fragrant. The first evening, towards dusk, the five 
stamens in front of the sepals grow very rapidly for 
about two hours, so tliat they cmetge from the 
flower; the pollen ripens, and is exposed by the 
bursting of the anther. So tlic flower remains through 
the night, very attractive to, and much visited by, 
motlis. Towards three in the morning tlie scent 



ceases, the anthers begin to shrivel up or drop off, the 
filaments turn themselves ouhvards, so as to be out of 
the way, while the petals, on the contrary, begin to 
roll themselves up, so that by daylight they close the 
aperture of the flower, and present only their brownish- 
green undersides to view; which, moreover, are thrown 
into numerous wrinkles. Thus, by the morning's 
light, the flower has all the appearance of being faded. 
It has no smell, and the honey is covered over by 
the petals. So it remains all day. Towards evening, 
however, everytlxlng Is changed. The petals unfold 
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themselves; by eight o’clock the flower is as fragrant 
as before, the second set of stamens have rapidly 
grown, their anthers are open, and the pollen again 
exposed. By morning the flower U again “asleep," 
the anthers arc shrivelled, the scent has ceased, and the 
petals rolled up as before. The third evening, again 
the same process occurs, but tliis time it is tlie pistil 
which grows; the long spiral stigmas on the third 
evening take the position which on the previous two 
had been occupied by the anthers, and can hardly fail 
to be dusted by moths with pollen brought from 
another flower. 

An objection to the view that the sleep of flowers is 
r^ulated by the visits of insects, might be derived 
from the cases of those flowers which close early in 
the day, the well-known Tragopogon praituse, or " Jolm 
Go-to-bed at Noon,’* for instance; still more, such 
species as Lapsana communis, or Crepis pnlc/ira, whicb 
open before six and close again before ten in the 
morning. Bees, however, are very early risers, while 
ants come out later, when the dew is off; so tlxat it 
might be an advantage to a flower which ^vas quite 
unprotected to open early for the bees, and close 
again befom the ants were out, thus preserving its 
honey exclusively for bees. 

Thus then I have endeavoured to show in a variety 
of cases how beautifully flowers are constructed, so as 
to secure their fertilisation by insects. Neither plants 
nor insects would be what they are, but for the in¬ 
fluence which each has exercised on the other. Some 
plants, indeed, are altogether dependent on insects for 
their very existence, We know now, for instance, that 


Il.l 


THE SCEHT OP FLOWERS. 


43 


certain pUnts produce no seeds at all, unless visited by 
Insects. Thus, In some of our colonies, the common 
Red Clover sets no seeds, on account of the absence 
of humble bees ; for ihe proboscis of the hive bee is 
not long enough to effect the object. According to 
Mr. Belt, the same is the case, and for the same reason, 
in Nicaragua, with the scarlct-rurmcr. But even in 
those instances in wliich it is not absolutely necessary, 
it is an advant<^o that the Rowers should be rcrtlliscd 
by pollen brouglit from a different stock, and with 
this object in view insects are tempted to visit Rowers 
for the sake of the honey and pollen; while the 
colours and scents are useful la making the Rowers 
more easy to find. 

Fortunately for us, bees like the same odours as we 
do j and as the great majority of flowers are adapted 
for bees, they are consequently sweet; but it might 
have been otherwise, for flics, as already mentioned, 
prefer unpleasant smells, such as those of decaying 
meat, and other animal substances on which they 
live as larvffi, and some flowers, consequently, which 
are fertilised by them are characterised by very evil 
odoure. Colours also are affected in the same man¬ 
ner, for while bcc-flowcrs (if I may coin such an 
expression) have generally bright, clear colours, fly- 
flowers are usually reddish or yellowish brown. 

Nevertheless although flowers present us with these 
beautiful and complex contrivances, whereby the 
transferor pollen from flower to flower is provided for, 
and waste is prevented, yet they appear to be imperfect, 
or at least not yet perfect, in their adaptations. Many 
small insects obtain access to flower.s and rob them of 
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their contents. M<Uva rotundi/olia can be, and often 
is, sucked by bees from the outside, in which case the 
flower derives no advantage from the visit of the 
insect. Ill Midkago saiiva, also, insects can suck the 
honey without cfiectlng fertilisation, and the same 
flower continues to secrete honey after fertilisation 
has taken place, and when, apparently, it can no 
longer be of any use. Frits MiiUcr has observed that 
though Pof^uria fragrans is exclusively fertilised by 
nlfht'flying insects, many of the flowers open in the 
day, and consequently remain sterile. It is of course 
possible that these cases may be explained awayj 
nevertheless, as both insects and flowers arc con¬ 
tinually altering in tlicir structure, and in their geo¬ 
graphical distribution, we should naturally expect to 
find such instances. Water continually tends to find 
its own level; animals and plants as constantly tend 
to adapt themselves to their conditions. For it is 
obvious that any blossom which differed from the 
form and sise best adapted to secure the due trans¬ 
ference of the pollen would be less likely to be 
fertilised than others ; while on the other hand, those 
richest in honey, sweetest, and most conspicuous, 
would most surely attract the attention and secure the 
visits of insects; and thus, just as our gardeners, by 
selecting seed from the most beautiful varieties, have 
done so much to adorn our gardens, so have Insects, 
by fertilising the latest and most brilliant flowers, 
contributed unconsciously, but net less effectually, to 
the beauty of our ^voods and fielda^ 

* I have treated the subject of these chapters at greater lengili in a 
special bock oa Flowers tad X&sects, fomiag one of the pteseBi series. 
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CHAPTER III. 

FRUITS AND SEEDS. 

Fruits acid Seeds, though not generally so con¬ 
spicuous as flowers, are not less interesting. 

In considering them, it is fortunately not necessary 
to use many technical terms, though it is impossible 
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to avoid thejn altogether. In order to understand the 
structure of the seed, we must commence with the 
flower, to whiclx the seed owes its origin. Now I 
have already mentioned, but it may be convenient to 
repeat here, if you take such a flower as, say a 
Geranium, you wifl find that it consists of the following 
parts: Firstly, there is a whorl of green leaves, known 
as the sepals, and together forming the calyx 
secondly, a whorl of coloured icaves, or petals, 
generally forming the most conspicuous part of tlie 
flower, and called the corolla; thirdly, a whorl of 
oigans more or less like pins, which are called stamens, 
in the heads, or anthers of which, the pollen is 
produced. These anthers arc in reality, as Goethe 
showed, modified leaves; in tlie so*called double 
flowers, as, for instance, in our garden roses, they arc 
developed into coloured leaves like those of the corolla, 
and monstrous flowers are not unfrequcntly met with, 
la which the stamens are green leaves, more or less 
resembling the ordinary leaves of the plant Lastly, 
in the centre of the flower is the pistil, which also is 
theoretically to be considered as constituted of one or 
more leaves, each of which is folded on itself, and 
called a carpel. Sometimes there is only one carpel. 
Generally the carpels have so completely lost the 
appearance of leaves, that this explanation of their 
true nature requires a considerable amount of faith 
though in others, as for instance in the Colurabir 
{AqiiiUsid), the original leaf-form can still be trac 
The base of the pistil is the ovary, composed, r 
have just mentioned, of one or more carpels, in ji 
the seeds are developed. I need hard ly say thr any 
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80-calI«d seeds are really fruits ; that is to say, they 
are seeds with more or less complex envelopes. 

We all know that seeds and fruits differ greatly in 
different species. Some are large, some small; some 
are sweet, some hitter; some are brightly coloured; 
some are good to eat, some poisonous; some spherical, 
some winged, some covered with bristles, some with 
iiairs; some are smooth, some very sticky. 

We may be sure that there are good reasons for 
these differences. In the case of flowers much Hght 
has been thrown on their various interesting pecu¬ 
liarities by the researches of Sprcftgel, Darwin, Miillcr, 
and other naturalists. As regards seeds also, besides 
Gmrtner's great work, Hildebrand, Krause, Stein¬ 
brinck, Kerncr, Grant Allen, Wallace, Darwin, and 
others, have published valuable researches, especially 
with reference to the hairs and hooks with which so 
many seeds are provided, and the other means of 
dispersion they possess. Nobbe also has contributed 
an important work on seeds, principally from an agri¬ 
cultural point of view, but the subject as a whole offers 
a most promising field for investigation, It is rather 
wtli a viewof suggesting this branch of science to you, 
than of attempting to supply the want myself, that I 
now propose to call your attention to it. In doing so 
I must, in the first place, express my acknowledg¬ 
ments to Mr. Baker, Mr. Carruthers, Mn Hemsley, 
and especially to Mr. Thiselton Dyer and Sir Joseph 
Hooker, for their kind and most valuable assistance. 

] t is said that one of o u r best botan Ists once observed 
to another that he never could understand what was 
the use of the teeth on the capsules of mosses. ** Oh,” 
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replied his friend, “ I see no difficulty in that, because 
if it were not for the teeth, how could we distinguish 
the species ? " 

We may, however, no doubt, safely consider that 
the peculiarities of seeds have reference to the plant 
itself, and not to the convenience of botanists. 

In the first place, then, during growth, seeds in 
many cases require protection. This is especially the 
case with those of an albuminous character. It is 
curious that so many of those which are luscious when 
ripe, as the Peach, Strawberry, Cherry, Apple, &c, 
are stringy, and almost inedible, til) ripe. Moreover, 
in these cases, the fleshy portion is not the seed itself, 
but only the envelope, so that even if the sweet part 
is eaten the seed itself remains uninjured. 

On tlie other hand, such seeds as the Hasel, Beech, 
Spanish Chestnut, and innumerable otliers, are pro- 
tected by a thick, impervious shell, which is especially 
developed in many Proteacea, the Brazil-nut, the so- 
called Monkey-pot, the Cocoa-nut, and other palms. 

In other cases the envelopes protect the seeds, not 
only by their thickness and toughness, but also by 
their bitter taste, as, for instance. In the Walnut. 
The genus Mucuna, one of the Leguminosse, Is remark¬ 
able in having, the pods covered with stinging hairs. 

In many cases tlie calyx, which is closed when the 
fiower is in bud, opens when the flower expands, and 
then after the petals have fallen closes again until the 
seeds are ripe, when it opens for the second time. 
This is, for Instance, the case with the common Herb 
Robert robertianuin). In Atractj>lis can- 

ollata, a South European plant, allied to the tli(sties, 
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the outer envelopes form an exquisite little ca|;e. 
Another case, perhaps, is that of Nigelift, the “ Devil- 
in-a-bush,” or, as it is sometimes more prettily called, 
“ Love-in-a-mist,*' of old English gardens, 

Again, the protection of the seed is in many cases 
attained by curious movements of the plant Itself, 
In fact, plants move much more than Is generally 
supposed. So far from being motionless, they may 
almost be said to be in perpetual movement, though 
the changes of position are generally so slow that they 
do not attract attention. TJiis is not, however, always 
the case. We are all familiar witli the Sensitive Plant 
which droops Its leaves when touched. Another 
species {Averrhoa bilimbi) has loaves like those of an 
Acacia, and all day the leaflets go slowly up and down. 
Desmfidium gyroKS, a sort of pea living in India, has 
trifoliate leaves, the lateral leaflets being small and 
narrow; and these leaflets, as was first observed by 
Lady Monson, are perpetually moving round and 
round, whence the specific name gyram. In these tivo 
cases the object of the movement is quite unknown 
to us. In DwH 9 a, on the other hand, the leaves form 
a regular fly-trap. Directly an insect alights on them 
they shut up with a snap. 

In a great many cases leaves arc said to sleep; 
tliat is to say, at the approach of night they change 
their position, and sometimes fold themselves up, 
thus presenting a smaller surface for radiation, and 
being io consequence less exposed to cold. Mr. 
Darwin has proved experimentally that leaves which 
he prevented from moving suffered more from cold 
than those which were aJlo^ved to assume their natural 
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position. He has observed with reference to one 
plant, Maranta arundindoa, the Arrowroot, a West 
Indian spedes allied to Can na, that if the plant has 
had a severe shock it cannot get to sleep for the next 
two or three nights, 

The sleep of flowers is also probably a case of the 
same kind, though, as I have already attempted to 
show, it has, 1 believe, special reference to the visits 
of insects; those flowers which are fertilised by bees, 
butterflies, and other day insects, sleep by night, 
if at all; while those whicli are dependent on moths 
rouse themselves towards evening, as already men¬ 
tioned, and sleep by day. These motions, indeed, 
have but an indirect reference to our present subject 
On the other hand, in the Dandelion \l€ 07 itodan\ the 
flower-stalk is upright while the flower is expanded, 
a period which lasts for tliree or four days; it then 
lowers itself and lies close to the ground for about 
twelve days, while the fruits are ripening, and theo 
rises ^ain when they are mature. In the Cyclamen 
the stalk curls itself up into a beautiful spiral after 
(he flower has faded. 

The flower of the Httle Linaria of our walls {L. 
(yiKhelaria) pushes out into the light and sunshine, 
but as soon as it Is fertilised it turns round and 
endeavours to find some bole or cranny in which it 
may remain safely ensconced until the seed is ripe. 

In some water-plants the flower expands at the 
surface, but after it is faded retreats again to the 
bottom. This U the case, for instance, with the 
Water Ulies, some species of Potamogeton, TrtipA 
iMtanSx &c. In Vallsncria, again, the female flowers 
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(Fig. 36, arc borne on long $talks, which reach to the 
surface of the water, on which the flowers float. The 
male flowers (Fig. 3^ b), on the contrary, have short. 
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Straight stalks, from which, when mature, the pollen 
(Fig* deUches itself, rises to the surface, and, 

floating freely on it, is wafted about, so that it comes 

E 2 
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in contact with the female flowers. After fertilisation, 
however, the long stalk coils up spirally, and thus 
carries the ovary down to the bottom, where the seeds 
can ripen in greater safety. 

The next points to which I will direct your attention 
are the means of dispersion possessed by many seeds. 
Farmers have found by experience that it is not 
desirable to grow the same crop in the same 6eld 
year after year, because the soil becomes more or less 
exhausted. In this respect, therefore, the powers of 
dispersion possessed by many seeds arc a great 
advantage to tlic species. Moreover, they are also 
advantageous in giving the seed a chance of germi¬ 
nating in new localities suitable to the requirements 
of the species. Thus a common European species, 
Xanthinm spinosum, has rapidly spread over tJie whole 
of South Africa, the seeds being carried In the wool 
of sheep From various considerations, however, it 
seems probable that in most cases the provision does 
not contemplate a dispersion for more than a short 
distance. 

There are a great many cases in which plants 
possess powers of movement directed to the dissemina¬ 
tion of the seed. 

I have already referred to the case of llie common 
Dandelion. Here the flower-stalk stands more or less 
upright while the flower is expanded, a period which 
generally lasts for three or four days. It then lowers 
itself, and lies more or less horizontally and concealed 
during the time the seeds are maturing, which in our 
summers occupies about twelve days. It then again 
rises, and, becoming almost erect, facilitates the 



III.] SEEOS THJiO WN S Y THE PARENT PLANT, 53 


dispersion of the seeds, or, speaking botanlcally, the 
fruits, by the wind. Some plants, as wc shall see, 
even sow their seeds in the ground, but these cases 
will be referred to later on. 

In other cases the plant throws its own seeds to 
some little distance. Th is is the case wth tlic com raon 
Cardamine hirsuia, a little plant, I do not like to call 
it a weed, six or eight inches high, which comes up of 
itself abundantly on any vacant spot in our kitchen- 
gardens or shrubberies, and which much resembles 
that represented in Fig. $$, but without the subter¬ 
ranean pods A The seeds are contained in a pod 
which consists of three parts, a central membrane, and 
two lateral walls, When the pod is ripe the wails arc 
In a state of tension. The seeds are loosely attached 
to the central piece by short stalks. Now, when the 
proper moment has arrived, the outer walls are kept 
in place by a delicate membrane, only just strong 
enough to resist the tension. The least touch, for 
instance, a puff of wind blowing the plant against a 
neighbour, detaches the outer wall, which suddenly 
rolls itself up, generally with such force as to fly 
from the plant, thus jcxking the seeds to a distance of 
several feet. 

tn the common Violet, beside the coloured flowers, 
there are others in which tlie corolla is either absent 
or imperfectly developed. The stamens also are 
small, but contain pollen, though less than in the 
coloured flenvers, In the autumn large numbers of 
these curious flowers are produced. When very young 
they look like an ordinary flower-bud (Figs, 37 and 38, 
a), the central part of the flower being entirely covered 
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by the sepals, and the whole having a triangular fonn. 
When older (Figs. 37 and 38, ^)they look at first s^ht 
like an ordinary seed capsule, so that the bud seems 
to pass into the capsule without the flower-stage. 



The Fansy Violets do not possess these interesting 
flowers. In the Sweet Violet ( V. odorata and V. hirta. 
Fig, 37) they may easily be found by searching among 
the leaves nestling close to the ground. It is often 
said, for Instance by Vaueber, that the plants actually 
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forc6 these c&psules into the gfround; and thus sow 
their own seeds. I have not, however, found this to 
be the case, though as the stalk elongates, and the 
point of the capsule turns dovmwards, if the earth be 
loose and uneven, it will no doubt sometimes so 
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happen. When the seeds are fully ripe, the capsule 
opens by three valves and allows them to escape. 

In the Dog Violet ( V. eanina, Fig. 38) the case is 
very different. The capsules are less fleshy, and, 
though pendent when young, at maturity they erect 
themselves (Fig- 38, tf), stand up boldly above the 
rest of the plant, and open by the three equal valves 
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(Fig. 39) resembling an inverted tripod, E4cU valve 
conCaios a row of three, four, or five brown, smooth, 
pear-shaped seeds, slightly fiattencd at the upper, wider 
end. Now the two walls of each valve, as tliey become 
drier, contract, and thus approach one another, thus 
tending to squeeze out the seeds. These resist some 
time, but at length the attachment of the seed to its 
base gives way, and it is ejected several feet, this 
being no doubt much facilitated by its form and 
smoothnessi I have known even a gathered specimeo 



throw a seed nearly lo feet. Fig. 40 represents a 
capsule after the seeds have been ejected. 

Now we naturally ask ourselves what is the reason 
for this difference between the species of Violets; 
why do V. odi>raXa and V. hirta conceal their capsules 
among the moss and leaves on the ground, while V. 
canina and others raise theirs boldly above their heads, 
and throw the seeds to seek their fortune in the world.’ 
If this arrangement be best for Violet atnitia, why has 
not Viola odorata also adopted itf The reason is, I 
believe, to be found in the different mode of growth 
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of these two species. ViUa eanina is a plant with an 
elongated stalk, and it is easy therefore for the capsule 
to raise itself above the grass and other low herbage 
among which violets grow, 

V. pdorata and V. kirta, on the contrary, have, in 
ordinary parlance, no stalk, and the leaves are radical, 
ii. rising from the root This is at least the case in 
appearance, for, botanically speaking, they rise at the 
end of a short stalk, Now, under these circumstances, 
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if the Sweet Violet attempted to shoot its seeds, the 
capsules not being sufficiently elevated, the seeds 
would merely strike against some neighbouring leaf, 
and immediately fall to tbe ground. Hence, I think, 
we see that the arrangement of tbe capsule ia each 
species is that most suitable to the general habit of 
the plant 

In the true Geraniums again, as, for instance, in the 
Herb Robert (Fig. 41), after the flower has faded, the 
central axis gradually elongates {Fig. 41, a, e, d). The 
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seeds, five in number, are situated at the base of the 
column, each being inclosed in a capsule, which 
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terminates upwards in a rod-like portion, which at 
first forms part of the central axis, but gradually 
detaches itself. When the seeds are ripe the ovary 
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raises itself into an upright position (Fig. 41* tf); the 
outer layers of the rod-like termination of the seed- 
capauie come to be in a state of great tension, and 
eventually detach the rod with a jerk, and thus throw 
the seed some HtUe distance. Fig. 41,/, represents 
the eentral rod after the seeds have been thrown. In 
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some species, as for instance in Gtrantum disstctum^ 
Fig. 42 , the capsule-rod remains attached to the central 
column and the seed only Is ejected. 

It will, however, be remembered that the capsule is, 
as already observed, a leaf folded on itself, with the 
edges inwards, and in fact in the Geranium the seed- 
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chamber opens on its inner side. You will, therefore, 
naturally observe to roc that when the caipel bursts 
outwards, the only ciTect would be that the seed 
would be forced a^inst the outer wall of the carpel, 
and tliat It would not be ejected, because the opening 
is not on the outer but on the inner side. This 
remark is perfectly Just, but the difficulty has been 
foreseen by our Geraniums, and is overcome by them 
in different ways. In some spcdcs, as for instance 
in Geraniiiv! disseefwn, a short time before the 
dehiscence, the seed'Chamber places itself at right 
angles to the pillar (Fig. 42, a). The edges then 
separate, but they are provided with a fringe of hairs, 
just strong enough to retain tire seed in its position, 
yet sufficiently elastic to allow it to escape when the 
carpels burst away, remaining attached, however, to 
the central pillar by their upper ends (Fig. 42, e). 

In the common Herb Robert (Fig. 43), and some 
other species, the arrangement is somewhat diffierent. 
In the first place the whole carpel springs away (Fig. 
43, h and c). The seed-chamber (Fig. 43, d) detaches 
itself from the tod of the carpel (Fig, 43, b), and when 
the seed is flung away remains attached to it. Under 
these circumstances it is unnecessary for the chamber 
to raise itself from the central pillar, to which accord¬ 
ingly it remains close until the moment of disruption 
(Fig. 41, g). The seed-chamber is moreover held in 
place by a short tongue which projects a little way 
over its base ; while, on the other hand, the lower end 
of the rod passes for a short distance between the 
seed-capsule and the central pillar. The seed-capsule 
has also near Its apex a curious tuf^ of silky hair 
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(Fig. 43, *r), the use of which I wjil not here stop to 
discuss. As the result of nil this complex mechaoism 
the seeds when ripe are i^ung to a distance which is 
surprising when we consider how small the spring is. 

In their natural habitat it is almost impossible to 
find the seeds when once thrown. I therefore brought 
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some into the house and placed them on my billiard- 
table. They were thrown from one end completely 
beyond the other, in some cases more than twenty feet. 

Some species of Vetch, again, and the common 
Broom, throw their seeds, owing to the elasticity of 
the pods, which, when ripe, open suddenly with a jerk. 
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Each valve of the pod contains a layer of woody cells, 
which, however, do not pass straight up the pod, but 
are more or less inclined to its axis (Fig. 44). Conse^ 
quently, when the pod bursts it does not, as in the case 
of Cardamine, roll up like a ^^ratch•sprjng, but twists 
itself more or less like a corkscrew. 

1 have mentioned these spedes because they are 
some of our commonest wild flowers, so that during 



the summer and autumn we may in almost any walk 
observe for ourselves this innocent artillery. There 
are. however, many other more or less similar cases. 
Thus the Squirting Cucumber (MofHordua glatiriupi), 
a common plant in the south of Europe, and one 
grown in some places for medicinal purposes, effects 
tlie same object by a totally different mechanism. 
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The fruit U a small cucumber (Fig:, 45), end when 
ripe it becomes so gorged with fluid that it b in a 
state of great tension. In this condition a very slight 
touch U sufhdent to detach it from the stalk, when 
the pressure of the walls ejects the contents, throwing 
the seed some distance. 1 have seen them even in 
this country sent nearly twenty feet; but in a hotter 
climate tite plant grows more vigorously, and they 
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would doubtless be threnvn further. In this case of 
course the contents are ejected at the end by which 
the cucumber is attached to the stalk. If any one 
touches one of these ripe fruits, they are often thrown 
with such force as to strike him in the face. 

In Cyclantktra, a plant allied to the Cucumber, 
the fruit is uosymmetrical, one side being round and 
hairy, the other nearly flat and smooth. The true apex 
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of th« fruit which bears the remains of the flower, is also 
somewhat eccentric, aod, when the seeds are ripe, if 
it is touched even lightly, the fruit explodes and the 
seeds are thrown to some distance. The mechanism 
by which this is effected has been described by 
Hildebrand. The interior of the fruit is occupied by 
a loose cellular structure. The central column, or 
placenta, to which the seeds are attached, lies loosely 
in tins tissue. Through the solution of its earlier 
attachments, when the fruit is ripe, the column adheres 
only at the apical end, under the withered remains of 
the flower, and at the swollen side. When the fruit 
bursts the placenta unrolls, and thus hurls the seeds to 
some distance, being even itself sometimes also torn 
away from its attachment. 

Other cases of projected seeds arc afforded by 
JmpatienSy Hnra, one of the Euphorbia, CoUomia, 
Oxalis, some species allied to Acanthus, and by 
Arcouthobhim, a plant allied to the Mistletoe, and 
parasitic on Juniper, which ejects its seeds to a 
distance of several feet, throwing them thus from 
one tree to another. 

Even those species which do not eject their seeds 
often have them so placed with reference to the 
capsule that they only leave it if swung or jerked by 
a high wind. In the case of trees, even seeds with 
no special adaptation for dispersion must In this 
manner be of^en carried to no little distance; and 
to a certain, though less extent, this must hold good 
even with herbaceous plants. It throws light on the, 
at flrst sight, curious fact that in so many plants with 
small, heavy seeds, the capsules open not at the 
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bottom, as one might perhaps have been disposed to 
expect, but at the top. A good illustration isaflordccl 
by the well-known case of the common Poppy 
(Fig. 46), In which the upper part of the capsule 
presents a series of little doors (Fig. 46, a), through 
whicli, when tlic plant Is swung by the wind, the 
seeds come out one by one. The little doors are 
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protected from rain by overhanging eaves, and are 
even said to shut of themselves in wet weather. The 
genus Campanula is also interesting from this point 
of view, because some species have the capsules 
pendent, some upright, and those which are upright 
open at the top, while those which arc pendent do 
so at the base. 
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In other cases the dispersion is mainly the \votk of 
die seed itseir. In some of the Jower plants, as, for 
instance, in many seaivceds, and in some allied fresh* 
water plants, such as VaiicArria, the spores* arc 
covered by vibratllc cilia, and actuilly sivim about 
in the water, like Infusoria, till they have found a 
suitable spot on A^hich to grow. Nay, so much do 
the spores of some seaweeds resemble animals, tlint 
they are provided with a red "eye-spot” as it lias 
been called, which, at any rate, seems so far to 
deserve the name tlint it appeam to be sensitive to 
Uglit This mode of progression is, however, only 
suitable to water plants. One group of small, low- 
organised plants, Marduiniia, develop among the 
spores a number of cells with spirally thickened wall?, 
which, by their contractility, are supposed to dis* 
seminato the spores. In tlie common Horsetails 
{EquiseUan), again, the spores are provided with 
curious filanients, terminating in eTcpan.slons, and 
known as ‘‘claters.” These move with great vigour, 
and probably serve the same purpose. 

In much more numerous cases, seeds arc carried by 
the wind. Tor this of course it Is desirable that they 
sliould be light. Sometimes this object is attained 
by the character of the tissues tlicmsclvcs, sometimes 
by the presence of empty spaces. Thus, in V{lUriandln 
auricula, the fruit contains three cells, cacli of which 
would naturally be expected to contain a seed. One 
seed only, however, is developed, but, as may be seen 
from the figure given in Mr. Ben them’s excellent 

' I nec<l hardl; ahK(v« Chat, bot«nlct\liy, CJicsc ue &oi irue reeds, 
her rather oeciCe buda, 
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Hatidbook of tfie BritUk Flora, die tu'o cells whicli 
conUin no seed actually become larger than the one 
whicli alone might, at first sight, seem to be normally 
developed. We may be sure from this that they 
must be of some use, and, from their lightness, they 
.probably enable the wind to carry tlic seed to a 
greater distance than would otherwise be the case. 

In other instances the plants themselves, or parts 
of them, are rolled along the ground by the wind. 
An example of this is afforded, for instance, by a kind 
of grass {Spinifix sqnarrosxis), in which the mass of 
Inflorescence, forming a )a^e round head, is thus 
driven for miles over the dry sands of Australia until 
it comes to a damp place, when it expands and soon 
strikes root 

So, again, the Anastalioa hieroehuntica, or " Rose 
of Jericho," a small annual with rounded pods, whicli 
frequents sandy places in Egypt, Syria, and Arabia, 
when dry, curls itself up into a ball or round cushion, 
and is thus driven about by the wind until it finds a 
damp place, when it uncurls, the pods open and sow 
the seeds. 

These cases, however, in which seeds arc rolled bv 
the wind along the ground, arc comparatively rare. 
There arc many more in which seeds are wafted 
tlirougb the air. If you examine tlie fruit of a 
Sycamore you will find that It is provided with a 
wiftg-like expansion, in consequence of which, if there 
is any wind when it falls, it is, tliough rather heavy, 
blown to some distance from tho parent tree Several 
cases are shown in I“jg. 47 ; for Instance, the Maple a. 
Sycamore h, Hornbeam d. Elm e, Birch f, Pine^; 
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is called, or leaf of the f)ower*sCaJk, serves the same 
purpose. 

I« a great many other plants the same result is 
obtained by flattened and expanded edges. A beaiiti* 
ful example is afforded by the genus Tliysanocarpus, 
a North American crudfer; T./nciniaiits a dis* 
tiiictly winged pod ; in T. curvipes the wings are 
considerably larger; lastly» in T. eUgam and T. 
radians the pods arc still further developed in the 
same direction, T. radians having the wing very 
broad, while in 71 rUgans it has become tlilnncr and 
thinner in places, until at length it shows a scries of 
perforations. Among our common wild plants 've 
find winged finiu in the Dock and in Che 

common Paisnip {Pastinacd). But though in these 
cases the object to be obtained—namely, the dispersion 
of the seed—is efTccted in a sitnilar manner, there are 
differences which might not at first be suspected. 
Tlius jn some cases, as, for instance, the Pine, it is the 
seed itself which is winged; in Thlaspi arvense it is 
tlie pod ; in Entada, a leguminous plant, the pod 
breaks up into segments, each of which is winged; 
in tfissolia the extremity of the pod is expanded into 
a flattened wing; lastly, in the Lime, as already 
mentioned, tho fruits drop off in a bunch, and the 
leaf at the base of the common flower-stalk, or 
“bract," as it is called, forms the wing. 

In Conania rttinaria of Rodriguez the same object 
is effected in another manner; the cellular tissue of 
the fruit crumbles and breaks away, leaving only the 
vascular tissue, wbieh thus forms a net inclosing 
the seed. 
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Another mode, wliich is frequently adopted, is 
the development of long hairs. Sometimes, as in 
Clematis, Anemone, and Dry as, these Itairs take the 
form of a long feathery awn. 7 n others the hairs 
form a tuft or crown, wJwch botanists term a pappus. 
Of this the Dandclioa and John Go-to-bed-at-noon, 
so called from its habit of shutting Its flowers about 
mid-day, are well-known examples. Tufts of luirs, 
which arc thcmsclvc.s sometimes fcitthcrcd, arc de¬ 
veloped in a great many Compo.sjtc.<, though some, 
as, for instance, the Daisy and I^apsana, arc without 
them ; in some very interesting species, of which tlic 
common Thrincia hirta of our lawns and meadows 
is one, there are two kinds of fruits, as .shown in 
Fig. 4$, b, one with a pappus and one without. The 
former arc adapted to seek " fresh woods and pastures 
new,” wliilc the Utter slay near the parent plant and 
perpetuate the race at home. 

A more or less similar pappus is found among 
various English plants—in the Epilobium (Fig. 48, «), 
Thrincia (Fig. b), Tamrulx (Fig. 48, r), Willow 
(Fig. 48, if), Cotton Grass (Fig. 48, c). and Bulnish 
(Fig, 48,/); while in exotic species there are many 
other cascs-^as, for instance, the beautiful Oleander. 
As in tlie wings, so also in that of tlie pappus, it 
is by no means always tlic same part of the plant 
which develops into the crown of hairs. Thus in the 
Valerians and Composites it is the calyx; in the 
Bulrush the pcriancli ; in Epilobium the crown of the 
seed, in the Cotton Grass it is supposed to I'cprcsent 
the perianth; while in some, as, for instance, in the 
Cotton pUnt, the whole outer surface of tJic seed Is 
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(here arc only three, one on one $i 4 e and tu'o on the 
other. In l)>is ease, moreover, the hairs arc verv 
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ficxfblc, and wrap round tha wool of any animal with 
which they may come lo contact, so that they form a 
double means of dispersion. 

In other cases seeds are wafted by water. Of this 
the Cocoa-nut is one of the most striking examples. 
The seeds retain their vitality for a considerable time, 
and the loose texture of the husk protects them and 
makes Uicm float. Every one knows tliat tlie Cocoa- 
nut is one of the first plants to make its appearance 
on coral Islands, and it is, 1 believe, the only palm 
which is common to both licmisphorcs. 

The seeds of the common Duckweeds {Lemua) 
sink to tlic bottom of the water in autumn, and re¬ 
main there throughout the winter; but in the spring 
they ri.se up to the surface again and begin to grow. 
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CHAPTER IV. 


In u very large number of eases ilie diffusion of 
seeds is cfTccCcd by animals. To tins class belong 
the fruits and berries. In them an outer fleshy 
portion becomes pulpy, and generally sweet, inclosing 
die seeds. It is remarkable that such fruits, in order, 
doubtless, to attract animals, are, like flowers, brightly 
coloured—as, for instance, the Cherry, Currant, Apple, 
Peach, Plum, Strawbeny, Raspberry, and many others. 
This colour, moreover, is not present in the unripe 
fruit, but is rapidly developed at maturity. In such 
eases dtc actual seed is generally protected by a 
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dense, sometimes alniost s^ony, covering, so that it 
escapes digestion, while its gCTmination is perh.nps 
hastened by tlic heat of tlie animal's body. It may 
be said that the skin of apple and pear pips Is com¬ 
paratively soft; but then tlicy arc embedded in a 
stringy core, which is seldom eatcii. 

Tiicse coloured fruits form a considerable part of the 
food of monkeys in the tropical regions of the eartli, 
and 'VC can, I think, hardly doubt that these animals 
arc guided by the colours, just as wo arc, in selecting 
the rii>e fruit Tltis has a curious bearing on ni> 
interesting question as to the power of distinguj.«)iing 
colour possessed by our ancestors in bygone times, 
Magnus and Geiger, relying on the well-known fact 
that tlie ancient languages arc poor in words for 
colour, and that in the oldest books—as, for instance, 

in the Vedas, die Zendavesta, the Old Testament, 
and the writings of Homer and Hesiod—thoi;gh 
the Jjcavcns arc referred to over and over again, 
its blue colour is never dwelt on, have nigued tliat 
the ancients were very deficient in tlie power of 
distinguishing colours, and especially blue, In our 
own country Mr. Gladstone Ims lent the wciglit of his 
great authority to the same conclusion. For my part 
I cannot accept this view, There aio, it seems to mc> 
very strong reasons against it, into which I cannot, 
of course, now enter; and though I should rely 
mainly on other considerations, tho colours of fruits 
are not, I think, without significance. If monkeys 
and apes could distinguish them, surely we may infer 
that even the most savage of men could do so too. 
Zeuxis would never have deceived the birds if he had 
not had a fair perception of colour. 
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In thc^e instances of coloured fruits, the flesh)' edible 
part more or less surrounds the true seeds ; in others 
the actual seeds themselves become edible. In the 
former the edible part serves as a temptation to 
animals ; in the latter it is stored up for the use of the 
plant itself. When, therefore, the seeds themselves 
are edible they arc generally protected by more or 
less hard or bitter envelopes, for instance the Horse 
Chestnut, Uccch, Spanish Chestnut, Walnut, &c. 
That these seeds ait: used as food by squirrels and 
other animtJs Is, however, by no means necessarily an 
evil to t)jc plant, for the result is that they arc often 
carried some distance and then dropped, or stored up 
and forgotten, so that in this way they get carried 
away from the parent tree. 

In another class of instances animals, unconsciously 
or unwillingly, serve in the dispersion of seeds. 
These cases may be divided into two classes, those in 
which the fruits arc provided with hooks, and those in 
which they arc sticky. To the first class belong, 
among our common English plants, the Burdock 
Fig. SO,<r); Acrimony (A^rwiffufa, Fig. 50, &); 
the Bur Pawley (Chwor/tr, Fig, 50, ^); Endiantcr’s 
Nightshade {Cir<£a, Fig. 50, d ); Goose Grass or 
Cleavers {Galiusn, Fig. 50, f), and some of the Forget- 
me-nots 50,/). The hooks, moreover, 

are so arranged as to promote the removal of the 
fruits. In all these species the hooks, though beauti¬ 
fully formed, are small; but in some foreign species 
they become truly formidable. Two of the most 
remarkable arc represented on page yy 
probescidea (Ing. 51, 3 ) and Harpapy^phyton procinni/ens 
(Fig. 51. d). Martyaia is a plant of Louisiana, and if 
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its fririts onc& get hold of an animal it is most difUcuIC 
to remove them. Harpagophytum is a South African 
genus. The fruits are most form Ida ble, and are said 
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sometimes even to kill lions. They roll about over the 
dry plains, and If they attach themselves to the skin, 
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the wretched animal tries to tear them out, and some 
times getting them into his mouth perishes miserably. 
The cases in which the di(fusion of fruits and seeds 
is effected by their being sticky are less numerous, and 
we have no wclhmarked instance among our native 
plants. The common Plumbago of South Europe is 
a ease which many of you no doubt have observed. 
Other genera with the same mode of dispersion arc 
Pitiosporum, Pisonia, Bo4rha%‘ia, Sicgesb:ckia, Grin- 
HeHa, Drymaria. &c. There arc compaintivcly few 
c-ises in which the same plant uses more than one of 
these modes of promoting the dlspcrs'on of its sccd.'^, 
still there are some such instances. Thus in the 
common Burdock the seeds have a pappus, wlille the 
whole flower-head is provided with hooks which 
readily attach themselves to any passing animal. 
AsUrothrix, as Hildebrand h<is pointed out, has three 
provisions for dispersion ; it has a hollow appendage, 
a pappus, and a rough surface. 

But perhaps it will be said that I have picked out 
special cases; that others could have been selected, 
which would not bear out, or perhaps would even 
negative, the inference? which have been indicated ; 
that I have put the cart before the horse ; that the 
Ash fruit has not a wing in order that it may be 
carried by the wind, or the Burdock hooks that the 
heads may be transported by animals, but that 
happening to have wings and hooks these seeds are 
thus transported. Now doubtless there arc many 
points connected with seeds which are still un¬ 
explained ; in fact it is because this is so that I was 
anxious to direct attention to the subject. Still I 
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believe tlic general explanations which have been 
given by botanists will stand any test. 

Let us take for instance fruits formed on the same 
type as that of the Ash—that is to say, with a long 
wing, known to botanists as a Samara. Now such a 
fruit would be of little use to low herbs, which, 
however, arc so numerous. If the wing was accidental, 
if it were )iot developed to sciwe ns a means of dis¬ 
persion, it would be as likely to occur on low plants 
and shrubs as on treea Let xis then consider on wJiat 
kind of plants these fruits arc found. Tiiey occur on 
the Ash, Maple, Sycamom, Hornbeam, Pines, Firs 
and lihu ; while the Lime, as we have seen, has also a 
leaf attached to the fruits, which answers die same 
purposes. Seeds of tliis character therefore occur on 
a laige proportion of our forest trees, and on them 
alone. But more than this: 1 have taken one or 
two of the most accessible works in which seeds 
are figured, for instance Gartner's Do Frtictibus u 
Setninibiis, Lc Maoutand Decaisne (Hooker's transla¬ 
tion) Descriptive and Analytical Botany, and Baillon'a 
FiUioire dcs Plantes. \ find thirty genera, belonging 
to twenty-one different natural orders, figured as 
having seeds or fruits of this form. They arc all 
trees or climbing shrubs, not one being a low herb. 

Let us take another case.tliatof the plants in which 
the dispersion of tlic seeds is effected by means of 
hooks. Now, if the presence of these hooks were, so 
to say, acddcntal, and the dispersion merely a result, 
we should aaturally expect to find some species with 
hooks in all classes of plants. They would occur, for 
instance, among trees and on water-plants. On the 
other hand, If they are developed that Ihey might 
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adhere to the skin of quAdnipeds, then, having 
reference to the habits and sIm of oiir Biitish 
mammals, it would be no advantage for a tree or for 
a water-plant to bear hooked seeds. Now, what arc 
the facts } There are about thirty EngHsli species in 
winch the dispersion of tlie seeds is effected by means 
of hooks, but not one of these Is aquatic, nor Is one of 
them more than four feet high. Nay, I might carry 
the thing further. We have a number of minute 
plants, which lie below the level at which seed.a would 
be likely to be entangled In fur. Now none of lhc.se, 
Again, have hooked seeds or fruits. It would also 
seem, as Hildebrand has su^csted, that in point of 
time, also, the appearance of the families of plants in 
which the fruits or seeds are provided with hooks 
coincided with that of the land Mammalia. 

Again, let us look at it from another point of view. 
Let us take our common forest-trees, shrubs, and tail 
climbing plants; not, of course, a natural or botanical 
group, for they belong to a number of different orders, 
but a group characterised by attaining to a height 
of say over eight feet. We will In some eases only 
count genera j tliat is to say, we will connt all the wil¬ 
lows, for Instance, as one. These trees and shrubs are 
plants with which tve arc all familiar, and arc about 
thirty-three in number. Now, of those thirty-three 
no less than eighteen have edible fruits or seeds, such 
as the Plum, Apple, Arbutus, Holly, Hazel, Beech, 
and Rose. Three have seeds which are provided with 
feathery hairs; and all the rest, narncly, the Lime, 
Maple, Ash, Sycamore, Elm, Hop, Birch, Hornbeam, 
Pine, and Fir are provided with a wing. Moreover, 
as will be seen by the following table, the lower trees 
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and shrubs, such as the Cornel, Guelder Rose, Rose, 
Thorn, Privet, Elder, Yew, and Holly have generally 
edible berries, much eaten by birds. The winged seeds 
or fruits characterise the great forest trees, 

TauES, SnaVDs, and Clikiukc Sn rvir Native ob Natukauskp 
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Or let US take one natural order. That of the 
Roses Is particularly interesting. In tlic genus Geu*H 
tlic fruit is provided wth hooks; Id Dryas it 
terminates In a long feathered a\vn» like that ol 
Clematis, On the oUtcr handi several genera have 
edible fruits; but it is curious that the part of n plant 
which becomes fleshy, and thus tempting to animals^ 
differs considerably in the diflei'cnt genera. In the 
Blackberry, for instance, and in the Raspberry, the 
carpels constitute the ctliblc portion. When \vc cat a 
Rjuspberry wo strip them off and leave the receptacle 
behind ; while in the Strawberry the receptacle con¬ 
stitutes the edible portion; the carpels are small, 
hard, and closely surround the seeds. In these genera 
the sepals are situated below the fruit. In the Rose 
on the contrary, it is the peduncle that is swollen and 
inverted, so as to form a hollow cup, in the interior oi 
which tiio carpels arc situated. Here we must re* 
member that the sepals are situated above, not below, 
the fruit, i^ain, in the Pear and Apple, it is the 
ovary whldi constitutes the edible part of the fruit, 
and in which the pips are embedded. At first sight 
the fruit of the Mulberry—which, however, belongs to 
a different family—closely resembles that of the 
Blackberry. In the Mulberry, however, it is the 
sepals which become fleshy and sweet. 

The next point is that seeds should find a spot 
suitable for their growth. In most eases, the seed 
lies on the gi'ound, into which it then pushes its little 
rootlet. In plants, however, which live on trees, the 
ease U not so simple, and we meet some curious 
conLrivanccs. Thus, the Mistletoe, as ^vc all know, is 
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para$itic on trees. The fruits are eaten by birds, and 
the droppings often tlicixforc fall on the bougies ; but 
if the seed was like that of most other plants it would 
soon fall to the ground, and consequently perisli. 
Almost alone atnong those of Cnglisb plants it is 
extremely sticky, and thus adheres to the bark. 

1 have already alluded to an allied genus, 
Arfiuthobinvi, parasitic on Junipers, wJiich tlirows its 
seeds to a distance of several feet. These also arc 
very viscid, or, to speak more correctly, arc embedded 
in a very viscid mucilage, so that jf they come in 
contact with the bark of a neighbouring tree they 
stick to it 

Dr. Watt has described a curious peculiarity in 
another species of the same family. The fruit, like 
that of tlie Mistletoe and of most other species of this 
order, consists of a mass of viscid pulp surrounding 
a single seed, and when detached from the parent 
plant it adheres to whatever it may fall on, There it 
germinates. The radicle when it has grown to about 
an inch in length develops on its extremity a flattened 
disc, and then curves about until the disc is applied to 
some neighbouring object, If the spot to which the 
disc has fastened is suitable, the development of the 
plant proceeds there. If on the contrary the spot be not 
suitable, the radicle straightens itself, tears the viscid 
berry away from whatever it bas adhered to, and 
raises it in the mr. The radicle then again curves, and 
the berry is carried by it to anotlier spot where It 
s^aiii adheres, The disc then detaches itself, and by 
the curving of the radicle is advanced to another spot 
where it again fixes Itself. Dr. Watt says he has seen 
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thi$ hai)pen several times, and thus the young plant 
seems to select certain places in preference to others. 
Tlicy have been observed for instance to quit the 
leaves, on which they must often alighr, and move on 
to the stem. 

Another very interesting genus, again of the same 
family, U Mys^ciidron (Fig. 4p), a Fucgian specica, dc* 
scribed by S ir Joseph Hooker, and pa rasiti c on the ll ecch. 
Here the seed Is not sticky, but Is provided wliii four 
flattened flexible appendages. These catch tlic wind 
and thus carry the seed from one tree to another. As 
soon, liotvcver.as they touch any little bougli the arms 
twist round It and there anchor the seed. 

In many epiphytes the seeds are extremely numer¬ 
ous and minute. Their great numbers increase the 
chance that the wind may waft some of them to tlic 
trees on which they grow ; and as they arc then fully 
supplied with nourishment they do not require to 
carry any store with them, Moreover their minute 
size is an ad van as they are carried into any 

little chink or cranny In the bark ; while a larger or 
heavier seed, even if borne against a suitable tree, 
would be more likely to drop off. In the genus 
NeHvurnuia, ti)e small seed is produced at eadi end 
into a long filament which must materially increase its 
chance of adhering. 

Among terrestrial species there are not a few 
cases in which plants are not contented simply to 
leave their seeds on the surface of the soil, but actually 
sow them In the ground. 

Thus in Trifolium mbternuisum, one of our rarer 
English Clovers, only a few of the florets become 
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perrccC flowers ; the Others form a rigj<i pointed head 
which at first Is turned upwards, and as their ends arc 
close together, constitute a sort of spike At first, I 
say, the flowcrdicads point upwards like those of 
other Clovers, but as soon as tlic florets arc fertilised, 
the flower stalks bend over and grcrtv downwards 
forcing the flowcr-licad into ilie ground, an operation 
iniidi facilitated by t)ic peculiar construction and 
arrangement of the Imperfect florets. TJjc florets arc, 
ixs Danvin has shown, no mere passive instruments. 
So soon as the flower-head is In the ground tlicy 
begin, commencing from t)ic outside, to bond tliccn- 
sclvcs towartls the peduncle, the iwult of which of 
course is to drag the floM'cr-hcad further and fuither 
into the ground. In most Clovers each floret produces 
a little pod. This would in the present species be 
useless, or even Injurious; many young plants grou ing, 
in one place would Jostle and starve one another 
Hence we see another obvious advantage in the fact 
that only a few florets perfect their seeds. 

1 have already alluded to our Card amines, the pods 
of whicii open elastically and throw their seeds some 
distance. A Bratllian species, C. cIicnopcdifoHet, Fig. 
35, p. 45, besides the usual long pods, Fig, 35. ir 
produces also short pointed ones, Fig, 35, ^ which it 
buries In the ground. 

Arachis hypogtsa is the ground-nut of the West 
Indies. The flower is yellow and resembles that of a 
pea, but has an elongated calyx, at the base of whicii, 
close to the stem, is tlie ovary. After the flowr has 
faded, the young pod, which is ov^l, pointed, and very 
minute, is carried forward by the growth of the 
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stalk, which bcconics several inches long and curves 
downwards so as generally to force the pod into the 
ground. If it fails in tins, the pod docs not develop, 
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but soon perishes ; on the otlicr liand, as soon as it is 
unde^tound the pod begins to giowand develops two 
large seeds. 

In V/cia amphieetrfxt. Fig. 52, a South European 
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species of Vetch, there arc two kinds of pods, One 
of the ordinary form and habit (ft), the other oval, 



FiS S}.—(ACWr 

4 , wdi/ttry fOAt ; h, fubtenvMH 


pale, containing only t\vo seeds borne on undei^round 
stems, and produced by flowers which have no corolla. 

Again, a specks of the allied genus Lai/tynis, 
Fig- 53. L. ennphicai'pcs, affords us another case of the 
same phenomenon. 
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Other specks pc&scssing the s.'vme faculty of bwry* 
jng their seeds are Okenia hypo^aa, several species 
of Coimnclyna, and of Ampkieai'paa, Vea/niseiet sub- 
ierrtiusa, Scrophularia nrguta, &C. j and it Is very 
remarkable tliat these species arc by no means nearly 
related} but belong to distinct families, namely, the 
Cni<if<n 6 , Lspytuiviosa, Coutvidyvatccs, Violarica, and 
Scrophnlai'iaeets. 

Moreover it is interesting that in L. ampfiiMrpos, as 
In Vida ampliicarpa aiul Cardaminc chcnopodifolia, the 
subterranean pods differ from the usual and aerial form 
in being shorter an cl containing fewer seeds. The reason 
of this, is, I think, obvious. In the ordinary pods the 
number of seeds of course increases the diauco that 
some will find a suitable place. On the other hand 
t)w subterranean ones are carefully sown, as it were, 
by the plant itself. Several seeds together would 
only jostle one another, and ft is therefoie better that 
one or two only should be produced. 

In the Erodimus, or Crane’s Bills, the fruit is a 
capsule which opens elastically, in some species 
throwing the seeds to some little distance. The seeds 
themselves are more or less splndlc'.shapctl, halrj* 
and produced into a twisted hairy awn as shown In 
Fig. 54, representing a seed of ^ancophyllnm. 
The number of spiral turns in the awn depends upon 
the amount of moisture; and the seed may thus be 
made Into a very delicate h)^rometcr, for if it be 
fixed in an upright position, the awn twists or un¬ 
twists according to the degree of moisture, and its 
extremity thus maybe so arranged as to move up and 
down like a needle on a regi.ster. It is also affected by 



EKODJUM. 


JV.} 


8f> 


heat- Now if the awn wore fixed instead of the seed, 
it is obvious that during the process of untwisting, the 
seed itself would be pressed downwards, and, ns M. 
Roux has shown, this mechanism thus serves actually 
to bury the seed. Ills observations were mode on an 
Allied species, Rrofiinm cincounn, which he chose on 
account of its siv/i. lie found that 
if a seed of this plant is laid on the 
ground, it I'cmains quiet as long as it 
is dry; but as soon as it is moi:4tciicd 
"i.r. as soon a.s tlio earth becomes 
in a eoiKlition to permit growth— 
tile outer side of the awn contracts, 
and the hairs surroiniding the seed 
commence to move outwards, the 
result of which is gradually to raise 
the seed into an upright position with 
its point on the soil. The awn tlien 
commences to unroll and consequently 
to elongnie itself upwards, and he 
suggests that as it is covei’ed witti 
reversed liair.s, it will probably press 
against some blade of grass or other 
obstacle, whicli will prevent its moving 
up, and will therefore tend to drive 
the seed into the ground. If then 
the air becomes drier, the awn will again roll up, 
in which action M. Houx tliought it would tend to 
draw up the seed, but from the position of the hairs 
the feathery awn can easily slip down\vards, and 
would tlierefore not afiect the seed. When moistened 
once more, it would again force the seed further 
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downwards, and so on until the proper depth was 
obtained. A species of Anemone (A. vwitn/f/?) 
again has essentially the same arrangement, though 
belonging to a widely separated order. 

A still mon2 remarkable instance is afforded by a 
beautiful South European grass, Siipa f^nnata (Fig. 
55), the structure of which has been described by 
Vaueber, and more recently, as well as more com¬ 
pletely, by Frank Darwin. The actual seed is small, 
with a sharp point, and stiff, short hairs pointing 
backwards. The upper end of the seed is pro¬ 
duced into a fine twisted corkscrew-like rod, which is 
followed by a plain cylindrical portion, attached at 
an angle to the corkscrew, and ending in a long and 
beautiful feather, the whole being more than a foot 
In length. The long feather, no doubt, facilitates the 
dispertlon of the seeds by wind ; eventually, ho^vever, 
they ^nk to the ground, which they tend to reach, 
the seed being the heaviest portion, point downwards. 
So the seed remains as long aa it U dry, but if a 
shower comes on, or when the dew falls, tlie spiral 
unwinds, and if, as is most probable, the surrounding 
herb?^e or any other obstacle prevents the fcathejs 
from rising, the seed itself is forced down and so 
driven by degrees into the ground. 

I have already mentioned several cases in which 
plants produce two kinds of seeds, or at least of pods, 
the one being adapted to burying itself in the ground. 
Heterocarpism, if I may term it so, or the power of 
produdng two kinds of reproductive bodies, is not 
confined to these species. There is, for instance, a 
North African species of Corydalis {C. heUro<arpa of 
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Duricu) which produces two kinds of seed 56). 
one somewhat flattened, short and broad, \rlth romulcd 
angles ; the other elongated, hooked, and ahapcxl like 
a slicpherd’s crook with a thickened staff. 

Onr common Thnticia hirta (Fig. 48^) also pos¬ 
sesses, besides the frniU with the well-known feathery 
crotvt), others which arc destitute of such a provision, 
and which probably therefore arc iiitcndod to take root 
at honiu 



Mr. Drummond in tlie volume of HookePs pm-nal 
of Botany for J842, has described a species of 
AUsiuaoca which has two sorts of seed-vessels; the 
one produced from large floating flowers, tlic ether at 
the end of short submerged stalks. 

The common Calendula of our gardens produces 
on each head three forms of seeds_ 

1. One which is hooked, 

2. „ winged. 

3 « » resembles a small caterpillar. 

Before concluding I will say a few words as to tlic 
very curious forms presented by certain seeds and 
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fnuts. The peels of Lotus, for instance, quaintly 
resemble a bird's foot, even to the toes; those of 
Hipi>ocrepis a horse-shoe; those of Trapa biconus 
have an absurd resemblance to the skeleton of a 
ball’s head. These likenesses appear to be aeci dental, 
but there arc some which probably are of use to the 
plant. For instance there aic two species of Scorpl- 
urus, Fig. 57 , the pods of which lie on the ground, and 
so curiously resemble the one {S. snbviUosa, I'ig. 57, 
n) a centii>c<lc, the other (S. vennimhxtn, Fig. 57, 11 ) 
a worm nr caterpillar, that it is almost impossible 
not to supjX)se lliat the likeness must be of some use 
to the plant The seeds of some Mallows resemble 
small caterpillars and centipedes; those of Melam- 
pyrum Ant cocoons. May it not be possible that in 
these cases birds carry the seeds some little distance 
before they find out that they are not really insects? 

The pod of Bisernila piUanus (Fig, 5 3 ) also 
has a striking resemblance to a flattened centipede ; 
while the seeds of Ahrus precaiorius, both in size and 
in their very striking colour, mimic a small beetle, 
A rtfffnis Hrewnusta. 

Mr. Moore lus recently called attention to other 
cases of this kind. Thus the seed of Martynia 
diandrei much resembles a beetle with long antennse; 
several species of Lupins have seeds much like spiders, 
and those of Dmcrpkcchlamys, a gourdlike plant, 
mimic a piece of dry twig. In the common Castor 
Oil plants (Fig. 53 a), though the resemblance is not 
so close, still at a first glance the seeds might readily 
be taken for beetles or ticka In many Euphorbi* 
aceous plants, as for instance in Jatropha (Fig. 58^), 
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the resemblance is even more striking. Tlie scejs 
have a central line resembling the space between the 
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elytra, dividing and slightly diverging at the end, 
while between them the end of the abdomen seems 
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to p«ep; at the anterior end the seeds possess a smaJi 
lobe, or caruncle, which mimics the head or thorax of 
the insect, and which even seems specially arranged 
for tItU purpose; at least it would seem from ex¬ 
periments made at Kew that the carunculus exercises 
no appreciable effect during germination. In Tri- 
clioscmtli^s fuignina the long pods hang down, and 
alike in size, foim, colour and attitude closely resemble 
snakes, as the spcciBc name denotes. 

These resemblances might benefit the plant in one 
of two ways. If it be an advant^;e to the plant 
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that the seeds should be swallowed by birds, their 
resemblance to insects might lead to this result. On 
the other hand if it be desirable to escape from 
graminivorous birds, then the resemblance to insects 
would serve as a protection. We do not, however, 
yet know enough about the habits of these plants 
to solve this question. 

Indeed, as we have gone on, many other questions 
will, I doubt not, have occurred to you, which we arc 
not yet in a position to answer. Seeds, for instance, 
differ almost infinitely in the sculpturing of their 
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surface. But I sUali uofuUy have failed in my object 
if I liave given the impression tlut ^vc kno\v all about 
seeds. On tlic contrary, there is not a fruit or a 
seed, even of one of our commonest plants, which 
would not amply justify and richly reward the most 
careful study. 

In tills, as in other brandies of science, we have 
but made a beginning. We have IcamC just enough 
to perceive how little we know. Our great masters 
in natural liistory have immorttliscd themselves by 
tJicir discoveries, but they have not erehausted the 
field : and if seeds and fruits cannot vie with flowei’s 
in the brilliance and colour with which they decorate 
our gardens and our fields, still they surdy rival, it 
would be impossible to excel, them, in tjic almost 
infinite variety of the problems tlicy present to us, 
the ingenuity, the interest, and the charm of t!ie 
beautiful contrivances which they offer for our study 
and our admiration. 
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CHAPTER V. 

LEAVES. 

Mk, RuskiN, in one of his most exquisite passages, 
has told us that “Flowers seem intended for the 
solace of ordinary humanity: children love them; 
tender, contented, ordinary people losre them- They 
are the cottager's treasure; and in the crowded town 
mark, as with a little broken fragment of rainbow, 
the windows of the workers in whose heart rests the 
covenant of peace." I should be ungrateful indeed 
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did I not fully feel the force of this truth; but 
it will be admitted that the beauty of our woods 
and fields is due at least as much to foliage as to 
flowers, 

In the words of the same author, “ Tlic leaves of 
the herbage at our feet take all kinds of strange 
shapes, as if to invite us to examine them. Star* 
shaped, heart-shaped, spear-shaped, arrow-shaped, 
fretted, fringed, deft, furrowed, serrated, sinuated, in 
whorls, in tufts, in spires, in wreaths, endlessly ex¬ 
pressive, deceptive, fantastic, never the same from 
footstalk to blossom, they seem perpetually to tempt 
our watchfulness and take delight in outstripping our 
wonder.” 

Now, why is tljis mar\'c)lous variety, this inex* 
baustible treasury of beautiful forms ? Does it result 
from some innate tendency of each spcdcs i Is ft 
intentionally designed to delight the eye of man? or 
has the form, and sise, and texture, some reference to 
the structure and organization, the habits and re¬ 
quirements, of the whole plant ? 

I do not propose now to discuss any of the more 
unusual and abnormal forms of leaves: the pitchers 
of Nepenthes or Cephalolus, the pitfalls of Sanaccnia 
or Darlingtonia, the spring-trap leaves of Dionaa, 
the scarcely less cflective though less striking con¬ 
trivances in our own Droscra or Pingulcula, nor the 
remarkable po^ve^ of movement which many loaves 
present, whether in response to an external stimulus, 
as in certain species of Mimosa, Oxalis, &c., or as a 
spontaneous periodic movement,such as tlic “sleep" 
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of many leaves, or the nearly continuous rotation of 
the lateral leaflets of Desenodium. I propose, ratlicr, 
to ask you to consider the structure, and especially 
the forms, of the common every-day leaves of our 
woods and fields. 

In talking the subject over with friends, I have 
found a widely prevalent idea that the beauty and 
variety of leaves arc a beneficent arrangement made 
specially with reference to the enjoyment and delight 
of man. I have, again, frequently been met by the 
opinion that there is some special form, size, and 
texture of leaf inherently characteris^c of eacli 
species j that the cellular tissue tends to ^ crystal¬ 
lize," as it were, into some particular form, quite 
irrespective of any advantage to the plant itself. 

Neither of these views wHl, I think, stand the test 
of careful examination, 

In the first place, let us consider the size of the 
leaf. On what does this depend ? In herbs we very 
often see that the leaves decrease towards the end of 
the shoot, while io trees the leaves, though not identical, 
are much more uniform in size. 

Again, if we take a twig of Hornbeam, we shall find 
that the six terminal leaves have together an area of 
about 14 square inches, and the section of the twig 
has a diameter of ‘06 of an inch. In the beech the 
leaves axe rather larger, six of them having an area 
of perhaps 18 inches, and, corresponding with this 
greater leaf-surface, we find that the twig is somewhat 
stouter, say -op of an inch. Following this up, we 
shall find tliat, ctsi 4 ris paribus, the size of tlie leaf has 
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relation to tbc thickness of the stem. This Is clearly 
shown in tlic following table 
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In the Elm the numbers are *ii and 34, in the 
Chestnut '15 and and in the Horse Gicstnut the 
stem has a thickness of ‘3, and the six leaves have 
an area oiVen of 300 square inches. Of course, how¬ 
ever, these numbers are only approximate. Many 
things have to be taken Into consideration. Strength, 
for instance, is an important element Tims the 
Ailanthus, with a stem equal In thiokness to that of 
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the Horse Chestnut, carried a smaller area of leaves, 
perhaps because it is less compact, ^ain, the 
weight of the leaves must doubtless be takco into 
consideration. Thus in some sprays of Ash and 
Elder of equal diameter, which I examined, the 
former bore the larger expatisc of leaves j not only, 
however, is the stem of the Elder less compact, but 
the Elder leaves, though not so large, were quite as 
heavy, if not indeed a little heavier. I was for some 
time puaeled by the fact that, while the termina\ 
shoot of the Spruce is somewhat thicker than that of 
the Scotch Fir, the leaves are not much more than ^ 
as long. May this not perhaps be due to the fact that 
they remain on the tree more than twice as long, sc 
that the total leaf area borne by the branch is greater, 
though the individual leaves are shorter ? Again, it 
will be observed that the leaf area of the Mountain 
Ash is small compared to the stem, and it may, 
perhaps, not be unreasonable to suggest that this 
may* be connected with the habit of the. tree to grow 
in bleak and exposed situations- The position of the 
leaves, tlie direction of the bough, and many other 
elements would have also to be taken into consi¬ 
deration, but still it seems clear that there is a 
correspondence between Ihickoess of stem and site 
of leaf. This ratio, moreover, when taken in relation 
with the other conditions of the problem, has, as we 
shall see, a considerable bearing not only on the size, < 
but also on the form of the leaf. 

The Mountain Ash has been a great puzzle to me; 
it is, of course, a true Pyrus, and is merely called Ash 
from the resemblance of its leaves to those of the 
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common Ash. ]^ut the ordinary leaves of a Pear arc, 
as we all know, simple and ovate, or obovate. Why, 
then, should tliose.of the Mountain Ash be so entirely 
different ? May, perhaps, some liglit be thrown on 
tills by the arrangement of tlie leaves.* They are 
situnted some distance apart, and tliough, as shown 
in the table, tliey am small in comparison to the 
diameter of the stem, still they attain a sixe of 15 
square inches, or even mote. Now, if they were of 
the same form as tlie orcUnaiy Pear leaf, they would 
be about 7 inches long by 2 to 3 in breadth, The 
Mountain Ash, as we know, lives in mountainous 
and exposed localities, and such a leaf would be 
unsuitable to withstand the force of the wind in such 
situations. From this point of view, the division into 
leaflets seems a manifest advantage. 

Perhaps it will be said that in some trees the leaves 
are much more uniform in size thaji in otliers. This 
is true. The Sycamore, for instance, varies greatly; 
in the specimen tabulated, the stem was 13 in diameter, 
and the area of the six upper leaves was 60 square 
inches. lo another, the six upper leaves had an area 
of rather over 100 inches, but in this case the diameter 
of the stem was *18. 

Another point is the length of the internode, or 
distauce from bud to bud. In such trees as the Beech, 
Elm, Hornbeam, &c., tlie distance from bud to bud 
varies comparatively little, and bears a tolerably dose 
relation to the size of the leaf. In the Sycamore, Maple, 
&C,, on the contrary, the length varies greatly. 

Now, if, instead of looking merely at a single 
leaf, we consider the wliole bough of any tree, we 
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shall, I think, see the reason of tlicir differences of 
form. 

Let us begin, for instance, with tlic common Lime 
(Fig. 60). The leaf-stalks are arrangert at an angle of 
about 40* with the branch, and the upper surfaces of 
the leaves are in the same plane with it. The result 
ts, they are admirably adapted to secure the maxi¬ 
mum of light and air. Let us take, for instance, the 
second or third leaf in Fiej. ( 50 . They are 4J inches long 
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and very nearly as broad. The distance between the 
two leaves on each side is also just 4^ inches, so that 
they exactly fill up the interval. In TUia parvi/olia 
the .arrangement is simUar, but leaves and Inter- 
nodcs are both less, the leaves, say t J inch, and the 
internodes ' 6 . 

In the Beech, the general plane of the leaves is 
again that of the branch (Fig. 6;), but the leaves 
themselves are ovate in form, and smaller, being only 
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from 2 to 3 inches in Iciigtli. On the other hand, the 
distance between tlie intemodes is also smaller, being, 
sa/, ij; inch against something less than 2 inches. 
The diminution in length of the intemodc is not, 
indeed, exactly in proportion to that of the leaf, but, 
on the other hand, the leaf docs not make so wide an 
angle with the stem. To this position is probably 
due the difference of form. The outline of the basal 
half of the leaf fits neatly to the branch, tliat of the 
upper lialf follows the edge of the leaf beyond, and 
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the form of the inner edge being thus determined, 
decides the outer one also. 

In the Nut {Coryhis), the intemodcs are longer 
and the leaves correspondingly broader. In the Elm 
the ordinary branches have leaves resembling, though 
rather larger than, those of the Beech; but in vigorous 
shoots {UlfitKS, Fig. 62), the internodes become longer 
and the leaves correspondingly broader and la^er, 
so that they come nearly to resemble those of the 
Nut. 

But it may be said that the Spanish Cliestnut 
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{C<!itanea vulgaris, Fig. 63) also has alternate leaves 
in a piano parallel to that of the branch, and with in' 
ternodes of very nearly the same length as the Ueeeh. 
That is true; hut, on the other hand, the terminal 
branches of the Spanish Chestnut are stouter in pro¬ 
portion. Thus, immediately below the sixth leaf, the 
Chestnut stalk may be *15 of an inch in thickness, that 
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of the Beech not much more than half as much. 
Consequently, Che Chestnut could, of course supposing 
the strength of the wood to be equal, bear a greater 
weight of leaf; but, the width of the leaf being 4 e- 
Cennlncd by the distance between the intemodcs, the 
jeaf is, so to say, compelled to draw itself out. In 
Fig-64 1 have endeavoured to illustrate this by placing 
a spray of Beech over one of Spanish Chestnut. 
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Moreover, not only do the leaves on a single twig thus 
admirably fit in with one anotlicr, but they arc also 
adapted to the ramification of the twigs themselves. 
Pig. 59 sliows A bough of Beech seen from above, and 
it will be observed tliat the form of the leaves is such 
that, while but little space is lost, there is scarcely 
any over-lapping Each fits in perfectly with the 




The leaves of the Yew (Fig. 65) belong to a type 
very different from those which wc have hitherto been 
considering. They are long, narrow, and arranged all 
round the stem, but spread right and left, SO tlxat 
they lie in one plane, parallel to the direction of the 
branchlet, and their width bears just such a relation 
to tireir distance apart that when so spread out their 
edges almost touch. 

The leaves of Conifers arc generally narrow and 
nccdle-likc. 1 would venture to surest that this may 
be connected with the greater uniformity in the struc¬ 
ture of the wood as compared with that of Dicoly- 
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Icdons, sucli as the Beech, Oak, &a The leaves of 
the Scotch Pine {Pinns sylwstris) arc need le*J ike, 
ij inch in length and in diameter. They are 
ai'i'angcd in pairs, each pair enclosed at the base in a 
sheath. One inch of stem bears about fifteen pairs 
of leaves. Given this number of leaves in such a 
space, they must evidently be long and narrow. If I 









am asked wliy they are longer than tJiose of the Yew, 
1 would suggest that the stem, being thicker, is able 
to support more weight. In confirmation of tins, we 
may take for comparison the Weymouth Pine, in 
which the loaves are much longer and tUo stalk 
thicker. 

Pig. 66 represents a sprig of Box. It wl\ be 
observed that the increase of ^yidth in the leaves 
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corresponds closely with tlic greater distance between 
the points of attachment. 

When wc pass from the species hitherto considered, 
to the Maples (Fig. $9), Sycamores, and Horse 
Chestnuts (Figs. 67 and 68), we come to a totally 
different type of arrangement. The leaves are placed 
at right angles to t)je axis of the bmnch instead of 
being parallel to it, Iwvc long petioles, and palmate 
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instead of pinnate veins. In this group the mode of 
growth U somewhat stiff; the main shoots are per¬ 
pendicular, and the lateral ones nearly at right angles 
to them. The buds, also, are comparatively few, 
and the internodcs, consequently, at greater distances 
apart, sometimes os much as a foot, though the two 
or three at the end of a branch are often quite short. 
The general habit is shown in Figs. 67 and 68. Now 
if we were to imagine six Beech or Elm leaves on these 
three iotembdes, it is obvious that the leaf surface 




would be far smaller than it U at present. Again, if 
we compare the thickness of an average Sycamore 
stem below the sixth leaf, with that of a Beech stem, 
it is obvious that tlierc \vou1d be a considerable waste 
of power. Once more, if the leaves were parallel to 
the branch, they would, as t!ic brandies are arranged, 
be less well disposed with reference to Jig)\t and nir, 
A glance at Pigs, dy, 68, and 69, however, will show 
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how beautifully the leaves are adapted to their 
changed conditions. The blades of the leaves of the 
upper pair form an angle with the leaf-stalks, so as to 
assume a horizontal position, or nearly so; the leaf¬ 
stalks of the second pair decussate with those of the 
first, and arc just so much longer os to bring up that 
pair nearly, or quite, to a level with the first; the 
third pair decussate with the second and are again 
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brought up nearly to the same level, and immcdintely 
to the outside of the first pair. In well-grown shooU 
there is often a fourth pair on the outside of the 
second. If we look at such n cluster of leaves directly 
from in front, we shall see that they generally appear 
somewhat to overlap; but it must be remembered 
that in temperate regions the sun is never vertical. 
Moreover, while alternate leaves aro more convenient 
in such an arrangement as that of the Beech, where 



there would be no room fora second leaf, it is more 
suitable m such eases as the Sycamores and Maples 
that the leaves should be opposite, because if, other 
things remaining the same, the leaves of the Sycamore 
were alternate, the sixth leaf would require an incon¬ 
venient length of petiole. 

Perhaps it will be said that the Plane-tree, which has 
leaves so like a Maple that one species of the latter 
genus is named after it {Acer f^aianoides, Fig. 6$), has, 
nevertheless, alternate leaves. In reality, however, 1 
think this ratlier supports my argument, because the 
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leaves of the Plane, instead of bein^ at right angles to 
the stem, Ue more nearly paiallcl with it Moreover, 
as any one can see, the leaves are not arranged so 
successfully with reference to exposure as those of the 
species vve have hitherto been considering, perhaps 
because, living as it does in more southern localities, 
the economy of sunshine is less important than in 
more northern regions. 

The shoot of the Horse Chestnut is even stouter 
than that of the Sycamore, and has a diameter below 
the sixtit leaf of no leas than of an inch. With this 
increase of strength is, I think, connected the greater 
sisc of the leaves, which attain to as much as eighteen 
inches in diameter, and this greater slae, again, has 
perhaps led to the dissection of the leaves into or 
seven distinct segments, each of which lias a form 
somewhat peculiar in itself, but which Ats In admir¬ 
ably with the other leaflets. However this may be, 
we have in the Horse Chestnut, ns in the Sycamore 
and Maples, a beautiful dome of leaves, each standing 
free from the rest, and expanding to the fresh air and 
sunlight a surface of foliage in proportion to the 
stout, bold stem on which tliey arc borne. 

Kow. if we place the leaves of one tree on the 
branches of another, we shall at once see bow unsuit¬ 
able they would be. I do not speak of putting a 
small leaf such os that of a llccch on a large-leaved 
tree such as tlic Horse Chestnut; but if wc place, for 
instance, Ilecch on Lime, or vm vers 4 , the contrast 
is sufficiently striking. The Lime leaves would over¬ 
lap one another, while, on the other hand, the Beech 
leaves 'vould leave considerable interspaces. Or let us 
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in the same way transpose those of the Spanish 
Chestnut {Casta/iea) and those of Actr platanciEes, 
a specios of Maple. I have taken specimens in which 
the six terminal leaves of a shoot of the two species 
occupy approximately the same area. Figs. 63 and 
69 show the leaves in their natural position, those 
of the Spanish Chestnut lying along the stalk, while 
those of the Maple are ranged round it. In both 



cases it will be seen that there is practically no over¬ 
lapping and very little waste of space. In the Spanish 
Chestnut the stalks are just long enough to give a 
certain play to the leaves. In the Maplo they are 
much longer, bringing the leaves approximately to 
the same level, and carrying the lower and outer ones 
free from the upper and younger ones, 

Kow, if we arrange the Spanish Chestnut loaves 
round a cenUe, as in Fig 70, it is at once obvious how 
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much space )s wasted. On t]tc other hand, if we 
place the leaves of the Maple on the stalk of a 
Spanish Chestnut at the points from wlilch the leaves 
of Chestnut came olT, as in Fig. 71, we shall see that 
the stalks are useless, and even mischievous ns a 
cause of weakness and of waste of space; while, on 
the other hand, if wo omit the .stalks, or shorten them 
Co the same length as those of the Chestnut, as In 
Fig. 72. the leaves would grcntly overlap one another. 
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Once more, for leaves arranged as in the Beech the 
gentle swell at the base is admirably suited; but in a 
crown of leaves such as those of the Sycamore, space 
would be wasted, and it is better that they should ex¬ 
pand at once as soon as their stalks have borne them 
free from those within. Moreover, the spreading lobes 
leave a triangular space (Fig. 69) with the insertion of 
the stalk at the apex which seems as if expressly 
designed to leave room for the pointed end of the leaf 
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Hcncc we sec how beautifully the whole form of 
these leaves >8 adapted to the mode of growth of the 
trees themselves and the arrangement of their buds. 

Before we proceed to consider the next series of 
species to which I wish to direct attention, it will be 
necessary for me to say a few words on the micro* 
scopical structure of the leaf. Although so thin, the 
leaf consists of several layers of cells. Speaking 
roughly, and as a general rule, we may say that on 
each side is a thin membrane, or epidermis, iinclcrncaih 
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which on the upper side are one or more layers ot 
elongated cells known from their form as "pallisade 
cells/’ beneath which is a parenchymatous tissue of 
more or less loose texture. The leaf is strengthened 
by ribs of woody tissue. From this general type there 
are, of course, numerous variations. For instance, 
many water plants have no epidermis. Tlie structure 
of the leaf has been described io a number of memoirs 
by Bonnet, Habcriandt, Areschoug, Stael, Pick, Hein- 
richer, Vesque, Tschirch, Hcntig, and other writers. 
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If the surface of the leaf be examined with a 
tolerably high power, small opaque spots will be ob¬ 
served, resembling button*holes, with a thick rim or 
border composed of two more or less curved cells, the 
concavities being turned inwards, When dry, they 
arc nearly i^traight, and lie side by side; but when 
moistened they swell, become somewhat curved, and 
gape open, It is difficult to realise the Immense num¬ 
ber of these oriiicea, or “stomata” as they arc called, 
which A single bush or tree must possess when we 
remember that there are sometimes many thousand 
stomata to a square inch of surface. In n large pro¬ 
portion of herbs the two sides of the leaf are under 
conditions so nearly similar that the stomata arc al- 
mo.1t equally mime roue on the upper and on the lower 
side. In trees, however, as a general rule, they are 
found exclusively on tliu underside of the leaf, which i.i 
the most protected; they are thus leas exposed to the 
diitct rays of the tun, or to be thoroughly wetted by 
rain, so that their action is less liable to sudden and 
violent changes. 

There are, however, some cxeeptlons ; for instance, 
in the bUck Poplar the stomata are nearly as 
numerous on one side of the leaves as on the other. 
Now, why is this? If we compare the leaves of the 
black and white Poplar, we shall be at once struck by 
the fact that, though these species arc so nearly allied, 
the leaves are very dliferent In the white Poplar 
{P^pnlus the upper and under sides are very 
unlike both in colour and texture, the under side being 
thickly clothed with cottony hairs. In the black 
Poplar {f. nip'a, Fig. 73) the upper and under surfaces 
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arc, wliicU is not frequent, very similar in colour 
and text tire. Tlic petioles or ioaf-sialks, agnin, arc 
unlike; those of P. ni^a presenting tJic peculiarity 
of being much flattened at t)ic end towards the leaf 
The effect of the unusual structure of the petiole is 
that the leaf, instead of being horiaontal as in the P. 
alba and mo.st trcc.«, hang.s vertically, and this again 
explains the similarity of the two surfaces, bccaicse 



the result i$ that both surfacesave placed under nearly 
similar conditions as regards light and air- Again, it 
will be observed tlwt, if we attempt to arrange the 
leaves of the black Poplar on one plane, they generally 
overlap one anotlier; the extent is larger than can be 
displayed without their interfering with one another. 
In foliage arranged like that, for instance, of the Beedi, 
Elm, Sycamore, or, in fact, of most of our trees, this 
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\vould involve a certain amount of waste; but in 
the black Poplar, as Figf, 73 shows, the leaves when 
hung in their natural position are quite detached from 
one another. 

Another interesting case of a species with vertical 
leaves is the Prickly Lettuce (J^actnea scariola\ while 
those of other speeics of Lettuce (£. mnralis and 
L. virosa) arc horinontah V/ith this position of the 
loaves is connected another peculiarity, especially 
well marked in the so-called “compass’* plant of the 
American prairies {Silphimt laciniaUiuP), a yellow 
Composite not unlike a small Sunilowcr, and which 
is thus named because tlie leaves turn tlieir edges 
north and soutlu Tins licts long been familiar to the 
hunters of the prairies, but was first mentioned by 
General Alvord, who called Longfcllov/s attention 
CO it, and thus inspired the lines lo “ Evangeline t ” 

*' At thli (IcllcrtM pltnt, that lifts iu hood frwn tlia mesdew, 

Soo how ATO iiimod nodti, u Iru* u lh« ouignet; , 

Thtu In \h« eonjiut riowor, IhAt tM Hnipr of G«l hu |j]AAUd 

II«r« ia (ho HpumIqm vlld 10 dlr«« tha (rAvellBr'i 

Over Ihe MA'likc, pnthicee, liialUoM wute of the down.” 

Tlie advantage of this position, and consequently 
the probable reason for its adoption, is that in con¬ 
sequence of It the two faces of the leaf arc about 
equally illuminated by the sun; and in connection 
with this we find that the structure of the leaf is 
unusual in two respects. The stomata are about 
equally abundant on both surfaces, while pallisade 
cells, which are generally characteristic of the upper 
surface, arc in this species found on the lower one 
also. 



1$ 


COMPASS PLANT. 


[chap. V. 


Stahl and Pick have pointed out that even in the 
same species, leaves growing in shade differ sommvhat 
in these respects from those which are exposed to 
bright light, 

The leaves of the Prickly Lettuce {Loctnea 
seariold) have also, when growing in sunny situations, 
a tendency to point north and south. Under sucIj 
circumstances also they have a layer of pallisade 
cells on each side. 
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CHAPTER VI. 

HlTUURTO I hav« dealt with plant* hi which one 
mam contideration appears to be the securing: 
much light and air as possible. Our English trees 
rtihy be said as a general rule to be glad of as much 
sun as they can get But a glance at ariy shrubbery 
is sufficient to show that we cannot explain all leaves 
in this manner, and in tropical countries some plants 
at any rate find the sun too much for tbem. I 
will presently return to the consideration of other 
characteristics of tropical s^getation. In iUuslration, 
however, of the present point, perhaps the'clearest 
evidence is afforded by some Australian species, 
especially the Eucalypti and Acacias. Here the 
adaptations which we meet with are directed, not 
Co the courting, but to the avoidance, of light, 
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Tlie Cypicai leaves of Acacias are plan ate, with a 
number of leaflets. On the other Iiand, many of the 
Australian Acaci*^ have leaves (or, to speak more 
correctly, phyllodes) more or less elongated or willow¬ 
like. But if we raise them from seed we find, for 
instance, in A<acia salicina, so called from Its re- 
.semblance to a Willow, that tlie first leaves are 
pinnate 75 )* and differ in nothing from those 



cbaractcrislic of the genus. In the later ones, how¬ 
ever, the leaflets are reduced in number, and the 
leaf-stalk is sliglitly compressed laterally. The fifth 
Of sixth leaf, perhaps, tvill have the leaflets reduced 
to a single pair, and the leaf-stalk still more flattened, 
while, when the plant is a little older, nothing remains 
except the flattened petiole. This in shape, as already 
observed, much resembles a narrow willow-leaf but 
flattened laterally, so that ft carries its edge upwards 
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iiiid consequently exposes as liitk sutfacc as possible 
to the overpowering sun. In some species the long 
niid narrow phyllodcs carry this still further by hang¬ 
ing downwards, and in such cases they often assume 
a scimitar-like form, This I would wnturc to 
surest may be in consequence of one side being 
turned outwards, and thcrefoi'c under more favourable 
coi^dltlwns, 

In one very inlercstiug species fuclfin- 

thV^hu, b*ig. 74)» the plant throughout life produces 
both furnis, and on the same bough may bo seen 
phyllodcs interspersed among ordinary pinnate 
leaves, the respective advantages being, it would 
appear, so equally balanced that sometimes the 
one, sometimes the other, secures the pi’edomlnancc, 

In the ease of the Eucalyptus, every one who has 
been in the South of Europe must have noticed 
that the young trees have a totally different aspect 
from that which they acquire when older, The leaves 
of the young tree* (Fig. 76) arc tongue-shaped, and 
horiscnial. In older ones, on the contrary (Fig. 77), 
they hang more or less vertically, with one edge towards 
the tree, and are scimitar-shaped, with the convex 
edge outward*, perhaps for the same reason as that 
suggested in the ease of Acacia. There arc several 
other eases in which the same plant bears two kinds 
of leaves. Thus, in some species of Juniper the leaves 
arc long aiid pointed, in others rounded and scale-like, 
fmipenis c/nuettsis and *ntnc others have both. 

Ill the common Ivy the leaves on the creeping 
or climbing stem* arc more or less triangular, while 
those of the floivcring stems are ovate lanccoUle \ a 
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di(Tcrence» tbe causft of which has not, 1 think, yet 
been satisfactorily explained, but into which 1 will 
not now enter. 

We have hitherto been considering^, for Che mosC 
part, deciduous trees. It is generally supposed that 
in autumn the leaves drop off because they die. 
My impression is that most persona would be very 
much surprised to hear that this U not altogether 




the case. In fact, however, the separation is a vital 
process, and, if a bough is killed, tlie leaves are not 
thrown off, but remaio attached to it. Indeed, the 
dead leaves not only remain in siht, but they arc 
still frmiy attached. Being dead and withered, they 
give the impression that the least shock would detach 
them; on the contrary, however, they will often 
bear a weight of as much as two pounds without 
coming off- 
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In cvfir^recn species th« conditions are in many 
respects dilTcrcnt fi'om those affecting deciduous 
species. When wc have an early fall of snow in 
autumn tho trees which still retain tliclr leaves arc 
often very much broken down. Hence, perhaps* 
the comparative paucity of evergreens in temperate 
regions, and the tendency of evergreens to Itave smooth 
and glossy leaves, such as these of the Holly* Box* 
and Evergreen Oak, Hairy leaves especially retain 
the snow, on which mere and more accumulates. 

Again* evergreen leaves sometimes remain on the 
tree for several years; for instance, in the Scotch 
Pine three or four years, the Spruce and Silver Fir six 
or even seven* tlic Yew eight, AbUs pinsapo sixteen 
or seventeen, and others even longer. It 

is true that during the later years they gradually 
dry and wither; still, being so long-lived, they 
naturally require special protection, They are, as a 
general rule, tough, and even leathery. In many 
Species, again* as is the case with our Holly, they 
are spinose. This serves as a protection from brows¬ 
ing animals ; and in this way wc can, I think, explain 
the curious fact that, while young Hollies have spiny 
leaves, those of older trees, which are out of the reach 
of browsing animals, tend to become quite unarmed, 

In confirmation of this I may also adduce the 
fact that while in the Evergreen Oak the leaves on 
well-grown trees are entire and smooth-edged like 
tl^ose of the Laurel, specimens which are cropped 
and kept low form scrubby bushes with hard prickly 
leaves.^ 

i J^lury, Boiatunl Fraimntt, p. 3SO. 
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Mr. Gnndoii, in hla Echoes on Plant and Flower 
Life (p. 30), says tliat “ the occurrence of prickles only 
here and there among plaints shows them to be un> 
connected with any general and ruling requirement 
of vegetation. We can only fall back upon the 
principle laid down at the outset, that they arc 
illustrations of the unity of design in Nature, leading 
us away from the cartli to Him who Is 'the end of 
problems and the font of certainties.'" Surely, 
ho^vcver, it is obvious that the existci^cc of spines 
and prickles serves as a protection. 

Another point of much importance in the economy 
of leaves is the presence or absence of lialrs. I luvc 
already observed that most evc^recna arc glossy and 
smooth, and have suggested that this may be an 
advantage, as tending to prevent the adherence of 
snow, which might otherwise accumulate and break 
them down. 

The hairs wliich occur on so many leaves are o! 
several different types. Thus, leaves are called silky 
when clothed witli long, even, shining hairs (Silver 
Weed); pubescent or downy, when they arc clothed 
with soft, short hairs (Strawberry); pilose, when the 
hairs arc long and scattered (Herb*robert); villous, 
when the hairs are rather long, soft, white, and close 
(Foiget-me*not); hirsute, when the hairs are long 
and numerous (Rose'Camplon); hispid, when they arc 
erect and stiff (Borage); setose, when they are long, 
spreading, and bristly (Poppy); tomentose, when they 
are rather short, soft, and matted ; woolly, when long, 
appressed, curly, but not matted (Corn-centaury); 
velvety, when the pubescence is short and soft to the 
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toucli (Foxglove); cobwebby, when tlic Ixfilrs are 
long, very fme, and interlaced like a cobweb (TJijst)c, 
cobwebby Housc*leek). T)ic arrangement of the 
hairs is also Interesting. In some plants tlierc is a 
double row of hairs along the stem, In the Chick- 
weed only one, This, perhaps, serves to collect rain 
and dew, and it is sign ill cant tliat the ro^v of hairs 
is always opposite to the Howcr-stalk, which nlso has 
a single ix>w. Now, the flower-stalk is for a con¬ 
siderable part of its life turned down wal’d s, with the 
row of hairs out wait! s. This, perhaps, may account 
for the absence of liaii’s on that side of the stem. 

Many leaves are clothed with woolly hairs wliile In 
the hud, which afterwaixls disappear. Thus, in the 
Rhododendron, Horse C]iestnut,and other species, the 
young leaves are protected by a thick felt, which 
when they expand, becomes detached and drops off. 
Many leaves are smooth on Che upper side, while 
underneath they are clothed with a cottony, often 
whitish, felt. This probably serves as a pi’otcction 
for the 8*toniaCa. In some eases the lialrs probably 
tend to preserve the leaves from being eaten. In 
others,as Kerner has suggested, they serve to keep ofl 
insects—Apparently with the special object of pre¬ 
venting the flowers from being robbed of their honey 
by insects which are not adapted to fertilise them. 
Frits Muller, to whom we are indebted for so many 
ingenious observations, gives an Interesting ease, 
The cfitcrpillar of Eunomia iogms, when about to 
turn into the chrysalis (Fig, 7S), breaks o(T its hairs 
and fastens them to the twig which it has selected, so 
as tp form on each side of itsolf about half a dozen 
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stiff fences, to protect it dnring its helpless period of 
quiescence. 

Vaucher long ago observed, thougli he gave no 
reason for the fact, that among Ihe Malvacefp 
(Malicnvs) the species which produce honey are hairy, 
and those which do not are glabrous. 

Is we make a list of our English plants, marking 
out which species have honey and which have hairs 
we shall find that we may lay it down ns n general 
rule that honey and hairs go together, Tlie ex¬ 
ceptions, indeed, arc very numerous hnt when we 


come to oramlne them we slmll find that they can 
generally be accounted for. I have made a rough 
list of ^e species in the English .flora which have 
honey and yet are glabrous, It does nut profess to be 
exactly correct, because there are some species with 
reference to which t was unable to ascertain by per¬ 
sonal examination, or by reference to books, whether 
they produce honey or not, My list, however, com¬ 
prised no species. 

Now, in the first place, in sixty of these iio 
species the entrance to the honey is so narrow that 
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even nr nnt oe>u\d not force its way in: twenty are 
aquatic^ and hence more or less protected from the 
visits of ants and other creeping insects; thus wo 
shall frequently find that ih in a generally hairy 
genus, one or more species are aquatic, they are also 
glabrous—as, for instance, Via/a fia/us/ris, Veronica 
auaffftUis, V. bcecahnuga, and RannnaUns aqnatilU. 
Polygonum anipUibiMn is peculiarly interesting, 
because, as Kemor has pointed out, aquatic speci¬ 
mens are glabrous; while in those living on land the 
base of the loaf produces haiia. Half a dosen are 
early spring plants which flower before the ants are 
roused from their winter sleep; about the same 
number are minute ground plants to which hairs 
could be no protection; three or four are nigbt 
flowers; there still remain a few to be accounted for, 
wliich would have to be considered individually, but 
probably the evidence is sufficiently complete to 
justify the general inference. 

Lastly, I must not omit to mention the bairs which 
have a glandular character. 

The next point to which 1 would call attention is 
the remarkable manner in which certain forms repeat 
themselves. In some cases, there seems much reason 
to suppose that one plant derives a substantial ad¬ 
vantage from resembling another. For instance, 
Chrysauthemum inodomm, the scentless Mayweed, 
very closely resembles the Chamomile in leaves, 
fiowers, and general habit. The latter species, how¬ 
ever, has a strong, bitter taste, which probably serves 
as a protection to it, and of which also, perhaps, the 
scentless Mayweed may sliare the advantage. These 
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two species, however, arc nearly allied to one another, 
and I prefer, therefoi'c, to take <■« an cxuniple o/ 
mimicry the Stinging-nettle {Urtka) and the common 
Dead-nettle (Laminm allnnn). These two species 
belong to totally different families; the flou'crs arc 
alt^^thcr unlike, but the general habit and the 
form of the leaves are extremely similar 

How close the similarity is may be seen by t!iu 
following illustration (Fig. 79), taken from an excellent 



photograph made for me by Mr. Harman, of Bromley. 
The plants on the right arc true Stinging-nettles; 
those on the left are the white Dead-nettle, one of 
which is in flower. So close was the resemblance 
that, after getting the photograph, I went back to the 
spot on which they were growing to assure myself 
that there was no mistake. It cannot be doubted 
that the true Nettle is protected by its power of sting¬ 
ing; and, that being $0, it is scarcely Jess clear that 
the Dead-nettle must be prolectc<I by its likeness to 
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the other. Moreover, though I \va$ fortunate ui 
lighting on so good an illustration as that shown In 
the figure just when I had the opportunity of photo¬ 
graphing it, still every one must have observed that 
the two species arc very commonly found growing 
togetlicr. Assuming that the ancestor of the Dead- 
nettle liud leaves possessing a faint 1‘csemblance to 
those of the true Nettle, tltosc in wbidi the likeness 
was gicntest would have the best chance of survival, 
and consequently of ripening seeds. There would he 
a tendency, therefore, according to the well-known 
principles of Darwin, to a closer and closer resem¬ 
blance. I am disposed to sug^t whether these re¬ 
semblances may not serve as a protection, not only 
from browsing quadnipods, but also from leaf-eating 
inscets. On this part of the subject we have sj yet, 
however, I think, no sufficient observations on record. 

Ajif^ ehfiiHpsfityt, the yellow Bugle, has leaves 
crowded and divided Into three linear lobes, the lateral 
ones sometimes ^ain divided. They diifer, therefore, 
greatly from those of its allies, and this puzsled me 
much until one day I found it growing abundantly on 
the Riviera among Bupherbia eyparissioi, and I was 
much struck by the curious likeness. The Euphorbia 
has the usual acrid juice of the genus, and It struck 
me that the yellow Ajuga was perhaps protected by 
its resemblance. 

Leaves which float on the surface of still water 
lend to be orbicular. The water-lilies are a well- 
known illustration. I may also mention Limnan' 
thennm nympJiaoidiS, which, indeed, is often taken 
for a water-lily, though it really belongs to the family 
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of Gentians, and AlUma natans, a species allied to 
tlie Plantains. In running water, on tlie contrary, 
leaves tend to become more or less elongated. 

Subaqueous leaves of fresh*water plants have a 
great tendency either to become long and grsss-Uke 
or to be divid^ Into more or less hair-Uke filaments. 
I might mention, for instance, Myricpkyllum ; Hip' 
pitris, or Mares-tail, a genus which among English 
plants comes next to Cirexa, the enchanter's night¬ 
shade, with totally different leaves; Ramnatlus 
aqmtUis, a dose ally of the Buttercup ; and many 
otheis. 



Some, again, which, when mature, have rounded, 
floating leaves, have long, narrow ones when your^. 
Thus in Victoria regia the first leaves arc filiform, then 
come one or more which arc sagittate, and lastly 
follow the great orbicular leaves. 

Another interesting case is that in which the same 
speciis has two forms of leaf (Fig. 8o)—namely, more 
or less rounded ones on the surface, and a second 
series which are subaqueous and composed of more 
or less linear or finely-divided segments. 

Mr. Grant Allen has suggested that this tendency 
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to subdivision in subaqueous leaves is due to the 
absence or paucity of carbonic acid. I have ventured 
to surest a different explanation, Of course it is 
important to expose aa large a surface as may be (o 
the action of the water. We know that the gills of 
fish consist of a number of thin plates, which while in 
water float apart, but have not suflicien t consistence 
to support even their own weight, much less any ex¬ 
ternal force, and consequently collapae in air. The 
same thing happens with thin, flncly-cut leaves. In 
atill water they aflbrd the greatest possible extent 
of surface with the least expenditure of effort in 
the formation of skeleton. This is, 1 believe, the 
explanation of the prevalence of this form In sub¬ 
aqueous leaves. 

Again, in still air the conditions, except so far as 
they are modified by the weight, would approximate 
to those of water; but the more the plant Is exposed 
to wind the more would it require strengthening. 
Hence, perhaps, the fact that herbs so much oflener 
have fine!y*cut leaves than Is the case with trees. In 
the Umbellifers, for instance, almost all the species 
have tlie leaves much divided—more, I need hardly 
say, than Is the case with trees. Shrubs and trees 
are characterised by more or lets entire leaves, such 
as those of the Laurel, Beech, Hornbeam, Lime, or 
by Similarly shaped leaflets as in the Ash, Horse 
Chestnut, Walnut 

Tlierc are, however, many groups of planti, which, 
while habitually herbaceous, contain some shrubby 
Species, or vke versd. Lot us take some groups of this 
description in which the herbaceous species have thdr 
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l(?ave5 much cut up, and see what is the character of 
the foliage in the shrubby species. 

The vast majority of Uinbcllifcrs, as I have just ob* 
served, are herbaceous, and with leaves much divided, 
titc common Carrot being a typical example- One 
European species, however, Buplittrum frttctkositm^ 
is a shrub attaining a height of* marc than six feet, 
and has the leaves (Fig- 8l) coriaceous, and oblong 
lanceolate. 



The common Groundsel (Fig, 82), again, Is a low 
Iterb with much-cut leavea Some species of Senecio, 
however, are shrubby, and their leaves assume a 
totally dKTercnt character, Senedo laitrifclius and 3 *. 
populifolvis having, as their specific names denote, 
leaves respectively resembling the Laurel and Poplar. 
In the genus Oxftlis, again, to which the Shamrock 
belongs, there is a sluubby species, 0 . lanreola, with 
leaves like those of a Laurel.' 

! would venture, tlicd,to su|^t these consideration 



VI.) BROAD AND NARROW LEAVES. tJ3 

as Clirowing light on the reason why herbaceous plants 
so often have their leaves much cut up,' 

Next let me say a few words on the reasons why 
some plants have broad and some narrow leaves. 
Both are often found within the limits of a single 
genus. I have ventured to indicate the distance 
between the buds as a possible reason in certain 
cases, It would not, however, apply to herbaceous 
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genera such as PlanUgo or Dnjscra, Now, Dr^et'a 
rotundifolia (Fig. 83) has the leaves nearly orbicular, 
while in D. an^xca (Fig. 84), they are long and narrow, 
Planlago viedia (Fig. 85) has ovate leaves, while In 
P. lanctolaic. (Fig. 86) they are lanceolate, aud in 

* Vr. Graot AU^, who botl Ueca abo struck hj the Tael thnt 
hcrlKiccous pUnti so oAea have thsir leave* smeh cat op, has siif^4ted 
cdltbrcnt aphoation. uid ihiaks it is due to "the fierce competitioB 
that ^ earboo of Ihe tdr between the small matted under* 

growth «r eveiy thkket and hedgerow." 
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P. marifima nearly Uncar. More or less aimllar eases 
occur in Ranunculus. 

I'licse differences depend, I believe, on the attitude 
of the leaf, for it will be found that the brond'leaved 
ones are horizontal, forming a rosette more or less 
like that of a daisy, while the species svith narrower 
leaves carry them more or less erect. In the Daisy 
the rosette lies on the ground, but in other cases, as 
in Daphne (Fig. 67), it is at the end of a branch. 



In hot, dry countries the general clmrnctcr of the 
vegetation differs from that which prevails in n climate 
like ours. There is a marked increase of prickly, 
leathery, waxy, and aromatic si>ccics. The sap also 
in many cases is mucll^inous or somewhat salt, 
which probably tends to cheek evaporation. The 
first two characteristics evidently tend to protect the 
leaves. As regards the third, Mr. Taylor* in his 
charming book on Flowers, has pointed to the power 
‘ Page 3tt, 
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which, ai Tyndall has shown, tli« spray of perfume 
possesses to bar out the passage of licat rays, and 
has su^ested that the emission of essential oils from 
the leaves of many plants which live In hot climates 
may serve to protect themselves against the intensely 
dry heat of the desert sun. 

I am rather disposed to think tliat the aromatic 
character of the leaves protects them by rendering it 
less easy for animals to cat them. 

In still drier regions, such as the Cape of Good 
Hope, an unusually large proportion of species arc 
bulbous. These, moreover, do not belong to any 
single group, but are scattered among a largo number 
of very different families: the bulbous condition 
cannot, therefore, be explained by inheritance, but 
must have reference to the surrounding circumstances. 
Moreover, In a large number of species the leaves 
tend to become succulent and fleshy. Kow in 
organisms of any given form the surface increases as 
the square, the mass as the cube, of the dimensions. 
Hence, a spherical form, which is so common in 
small animals and plants, and which in them offers a 
sufficient area of surface in proportion to the mass 
becomes quite unsuitable In larger creatures, and we 
hnd that botli animals and plants have orihees leading 
from die ouUide to the interior, and thus giving an 
additional arnount of surface. But in plants which 
inhabit very dry countries it is necessary tlxat they 
should be able to absorb moisture when opportunity 
offers, and store It up for future use. Hence, under 
such circumstances Aesby stems and leaves are an 
advantage, because the surface exposed to evaporation 





unlike Itt congeners. Fig. 88 represents L nigtr with 
leaves of the ordinary type. In the yellow pea 
(L Fig. 89). the gcncinl aspect is very 

different, but it will be seen on a closer inspection 
that the leaves arc really absent, or, to speak more 
correctly, are reduced to tendrils, while the stipules, 
on the contraiy, are, in compensation, considerably 
enlarged Tlicy must not, therefore, be compared 
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with the leaves, but with the stipules of otlier speeies, 
eod from tills point of view they are of a more 
normal character, the principal difference, indeed, 
being in size. It is interesting that the young plant 
has one or two leaves composed of a pair of leaflets, 
not unlike those of L. nigir 





The grass pea {L. nusolta, Fig. 90) is also a small 
species. It lives in meadows and the grassy borders 
of €elds, and has lost altogether, not only the leaves, 
but also the tendrils. Instead, however, of enlarged 
stipules, the functions of the leaves are assumed by 
the leaf'Stalks, which are elongated, flattened, linear, 
ending In a fine point, and, in fact, so like the leaves 
of the grasses among which the plant lives, tliat it is 
almost impossible to distinguish it except when ip 
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flower. For a weak plant growing among dose graas, 
a long linear leaf is, perhaps, physically an advantage ; 
but one may venture to suggest that the leaves would 
be more likely to be picked out and eaten if they 
were more easily distinguishable, and that from this 
point of view also the aimilarity of the plant to the 
grass among which it grows may also be an advantage. 

In looking at foliage 1 have often been much 
pu*slcd as to why the leaves of some species are 
tongue-shaped, while others arc lobed. Take, for 
Instance, the black Bryony {Ta*nM commuKis) and 
the common Bryony {Btyonia dioica). Again, why 
arc the veins in some leaves pinnate, like those of the 
Beech and Elm, and others palmate, as In the Maple 
and Sycamore ? 

My first idea was that tills might have reference to 
the arrangement of the woody fibres In the leaf-stalk. 
If we make a section of the stalk of a leaf, we shall 
find that In some cases the woody fibres are collected 
In the middle, while in others there are several distinct 
bundles, separated by cellular parenchyma. My first 
idea was that each of the primary ribs of a l«f might 
represent a separate woody fibre In the leaf-stalk, so 
that leaves with a single bundle of woody fibres 
would be pinnate; Uiosc with several distinct bundles 

^ The first species which I examined favoured this 
view. The Melon, Geranium, Mallow, Cyclamen, and 
other Species with palmate leaves had, sure enough, 
several woody fibres j while, on the contrary, the 
Laurel, Rhododendron, Privet, Beech, Box, Castanea, 
Arbutus, PhlUyrea, and other leaves with pinnau 
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veins, had one central bundle. But I soon came 
across numerous exceptions, and had to give up the 
idea. I then considered whether the difference could 
be accounted for by the mode of growth of the loaf, 
and I am still disposed to think Chat it lias some 
bearing on tlie subject, though this requires further 
study. 

TIic next suggestion which occurred to me was 
that it might be connected ivith the " prcfoIiatioQ ” or 
arrangement of the leaves in the bud. The hrst 
palmate leaves which I examined were what Is called 
” plicate," or folded up more or less like a fan; while 
the leaves with pinnate veins were generally con- 
duplicate/ or had the one half applied to the other. 
But, though this was true in many cases, it was not a 
geaeral rule, and t was obliged to give up this idea 
also. It tlien occurred to me to take climbing plants, 
and see whether I could ffnd any relation between 
palmate and tongue-shaped leaves on the one hand, 
and the mode of growth on the other—whether, for 
instance, the one turned generally up, the other down; 
whether the one were generally twining and the other 
clasping, or vi £4 vgr 5 ± AU these suggestions one by 
one broke down. 

Among Monocotyledons, however, the tongue- 
shaped preponderates greatly over the palmate form 
of leaf. With very f«v exceptions, the forms of tlic 
leaves of climbing Monocotyledons arc in fact Just 
sudi as would be obtained by widening more or less 
the linear, grass-like leaf which is so prevalent in 
the class. 

This, then, raises the question whether the licart 
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shaped leaf is the older fortn from winch the palmate 
type has been gradually evolved. Let us see xvUother 
we can find any evidence bearing on this question in 
what may be called the embryology of plants. TJie 
Turze, With its spii^y prickles, belongs to a group ol 
plants wUicIi, as a general rule, Imvc trifoliate or 
pinnate leaves. Now, If we examine a seedling Furze 
O'lg. pi), we shall find that the cotyledons are 



succeeded by several trifoliate leaves, with ovate 
leaflets. These gradually become narrower, more 
pointed, and stlffer, thus passing into spines. Hence 
we can hardly doubt that the present Furze is 
descended from ancestors with trifoliate leaves. I 
have already referred to other cases In which the 
young plants throw l^ht on the previous condition 
of the species {a/tUy p. 120). 
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Now we shall have no difficulty In landing cases 
where, while In mature plants the leaves are more or 
Jess lobed and palmate^ the first leaves succeeding the 
cotyledons are entire. This would seem to point to 
the fact that when In any genus we find heart-shaped 
and lobed leaves, the former may represent the earlier 
or ancestral condition. 

In support of this It will be sufficient here to ^vc 
three instances belonging to three distinct families^ 
namely, Cepfiakindra palmaia (Fig. 92), one of the 
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Cucurbitacesc; Hibiscuspidunadatus (Fig. 93), belong* 
ingto the Malvace®; and, one 0/ the most striking 
of all, Passificra caruUa (Fig. 94). Other species of 
Passidora show the same passage from entire to 
trifid leaves, while on the contrary in P. van Vdsccnii 
even the leaves just following the cotyledons are more 
or less divided. The advanuge of the palmate form 
may perhaps consist in its bringing the centre of 
gravity nearer to the point of support 
Broad leaves, moreover, are of two types : cordate, 
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with veins following the curvature of the edge ; and 
palmate, or lobcd leaves with veins running straight 
to the edge. TJie veins eontain vascular bundles 
which conduct the nourishment sucked up by the 
roots, and it is clearly better that they should hold a 
straight course, rather than wind round in a curve. 





Moreover, as the nourishing fluids pass more rapidly 
along these vascular bundles, the leaf naturally grows 
there more rapidly, and thus assumes the lobed forin, 
with a vein running to the point of each lobe. 

On the whole, we see, I think, that many at any 
rate of the forms presented by leaves have reference 
to the conditions and requirements of the plant. If 
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there was some definite form told off for each species, 
then, surely, a similar rule ought to hold good for 
each genua. The species of a genus might well differ 


?ie. SedUInf. 


more from one another than the varieties of any 
particular species; the generic type might be, so to 
by, less closely limited ; but still there ought to bo 
some, type characteristic of the genua. Let us sec 
whether this is SO. No doubt tlicre are many genera 
10 wliich the leaves are more or less uniform, but in 
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(liem the general habit ie also, as a rule, more or less 
similar. Is this the case in genera where the various 
species differ greatly in habit? 1 have already 
incidentally given cases which show that this is not 
so, but let us take some group—for instance, the 
genus Senecio, to which tlie common Groundsel 
(Kig. 82) belongs, as a type well known to all of us 
—and look at it a little more closely. 

The leaves of the common Groundsel I need not 
describe, because they aro ramiltar to us all. This 
type occurs in varioiYs other species of more or less 
similar habit. On Clic other hand, the fen Senecio 
(S. fifiludosut) and the marsh Senecio {S. pfilustrh)^ 
whieli live in marshy and svet places, have long, narrow, 
sword'Shaped leaves, like those of so many other 
plants which are found in such localities. The field 
Senecio (5. (ampestris, Pig, 95), wlilch lives in mea¬ 
dows and pastures, has a small terminal head of 
flowers springing fi‘om n rosette of leaves much like 
those of a common Daisy ptnunis) ; a 

Madagascar species, as yet 1 believe unnamed, is 
even more like a Daisy. Stnteio junems looks much 
like a Rush; hypocharidms of South Africa 
strikingly resembles a Hypochteris, as its name denotes. 
A considerable number of species attain to a larger 
slac and become woody, so as to form regular bushes; 
S. buxi/ofins has very much the general look of a 
Box, 5 . wigetns of a Privet, S. lauAfolm (A a Laurel, 
griea/tdius of a Heath, ///ii/s/wf of a Fir, or rather, 
a Yew. 

Again, some species arc climbers; S> seand4us 
and 5. macroglosstis have leaves like a Bryony; 
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S. and lamides like a smilax or tamus 

(Vam); tropaolifoUtis like a tropaoium. 

Among the species inhabiting hot, dry regions are 
some with swollen flesl^y leaves, such as S. luityorShii 
from the Cape of Good Hope, and S. pteronutra, 
from Mogador. Sando roiuutrinifoli^ts, of the Cape, 
is curiously like a Rosemary or Lavender, Lastly, 
some si)ecics may almost be called small trees, such 



as S. pQpulifolius, with leaves like a Poplar; and 
5 . aviygd<tloidts , like an Almond. 

I might mention, if space permitted, many other 
species wliich, as their names denote, closely resemble 
forms belonging to other groups—such, for instance, 
as Senedo lobelloides, erysimoides, bupleurloldcs, 
verb.isc ifoliu.s, j u n I perinus, 11 Id foUus, acanthifolius, 
Itnifolius, platanifolius, gramlnifolius, verbenefo'ius, 
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rosmaiinifolius, coronopifollus, clienopodifoUus, Javan- 
dcrisfolius, saHcifoUus. mescmbryantUcmoidfia, digit- 
ali foli U9,ab ietin us^rbuti fol i u s, ma Wx fol i us, t rod li fo) i us, 
habmifoUus, hake»folius» resedsfolfus, hcdcrsfolius, 
acerifolius, plantigincus, castaniccfoHus, spirsifolius, 
bryonirefolius, pricnulifoHus, and many more. These 
names, however, indicate similarities to over thirty 
other perfecCly distinct families. 

It seems clear, then, t)mt these diflcrcnccs have 
reference not t© any inherent tendency, but to the 
structure and organisation, the habits and require¬ 
ments. of the plant. Of course it may be that the 
present form liai reference not to existing, but to 
ancient, conditions, which renders the problem all the 
more difficult Nor do I at all intend to maintain 
that every form of leaf Is, or ever has been, necessarily 
that best adapted to the circumstances, but only that 
they are constantly tending to become so, just as 
water always tends to find its own level. 

But, however this may be, If my main argumeat is 
correct, it opens out a very wide and interesting field 
of study, for every one of the almost infinite forms oi 
leaves must liave some cause and cxplanution. 
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